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I'KKFACE 


'I'nis IxiA.hiis linen written with the object of 
presentini; a survey of the whole field of lathe 
yonstjuction and operation from the descriptive 
point of view. Owino to the e. is eocies of 
space and the extensivenees of the field, how¬ 
ever, it has not been found possible to deal 
comprehensi\ely with iwei'y jiossible aspect, 
thouf,'h t'li' point.-- of Greatest iintxirtance h''.ve 
l)een dealt with at some leiifftb. 

It is hoped that the book will prove useful to 
engineering students and apprentices, and even 
maturer persons who desire to obtain a know'- 
leijgc of lathe pos.sibilitie.s. 

All the lathes described are modern, tb" 
thank.s of the Author being due to all the timis, 
whose naine.s are mentioned in the te>^, who 
have willingly provided him with either photo¬ 
graphs I '-’ blook.s of their specialities. 

GMOIUIK W. llUItliKV. 


SHM-'i'inLi,) rNfvru«,rrv. 
!>ei:einhin\ 19J4. 
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GLOSSARY OF TKRMS USi:i) 
TN THE BOOK 


Archime^iaii h]»ixal - a cum form- d by tlie combination of 
a rolatory and a I'ectiiinrur iiiotion on a i^lane surface, 
the niolions being roforred to I lie same ))Ojiit or pole and 
having a relation wiiirh ]!< aiithnicticallv progressive. 
Back-gear lauti — the ratio of spindle speeds -.f a lathe witli 
and V’ithont the baek-goaring in aebjiii. 

Capstan*— a four oriive-ainied \\heel. 

Chaser •-a tool with a serrated cutting-edge for oiiginating 
and hnishiug screw threads. 

Chuck =■ a jcvolving msc attached to the driving spindle. 
Chiiok-ntate =-the coiintAioii between the chuck an^ the 
dn;ing spindle. ^ 

Copy or Master Scicw r a lead screw forscrow-throad cutting 
without the use of change gears. 

Copy Die = the element wliich works on the copy screw. 
Driver == any elemc*ni wliereby molUn, is transmitted to work 
which has to be machined in the lathe. 

Dri\i ;ig or ('atcli-plate = a plate which is screwed on tlic nose 
, of the driving spindle to ti'ansmit motion through a 
carrier or dog. ^ 

Face plate = a plate, usually of fairly large diam* ter, attached 
to tlie driving spindle, on which work is bolted. 

Gib ~ a strip fitted between guiding and sliding faces for 
pu/ 7 )oses of adjustment of nt. *)' 

Helix -- a curve formed by tracing a straight oblique line 
round a cylinder; sometimes, though wrongly, described 
as a spiral. 

Maudi'el = an element on whicii work is carried; tlf^ spindle 
of a loosc-headslock. 

Saddle or Carriage the lower part of a slide-rest. 

Slide-rest foed-apron^ the plaio at tlie front of a compound 
slide-rest which candes and covers tlie gear-whcelf iK- 
tween the lead-screw and feed-ro^ and the slidc^re-ws. 
Sliding fee^— the movement on a compound slide-rest 
• parallel to the IcngIRi of the bed. p 
^Surfacing feed — the moveirtpnttnormal to thc^l^gth of the 
bed. . • 

Sheam — the tops or wqjs of a lathe bed, tlf^so bein)^ used 
fur tlie aupfiort and guidance ftf the l^dstocks and 
filide-rast. ^ 

Turret» a ms«hiue-tool clement capa|t]h of being swivelled 
or rotated about an«axi« (usually \g3:i^ical or horizontal), 
and in whicli four, fivti, or«9ix teois are placed uuifor^ply. 
* * xi 




(:rrAr"Ki{ t. 

INTUODUOTION. 

One the most jN-ominciit Siatiii'cs of the present 
ago is to be fount! in the htet tliat wo arc almost 
entlrelx dcjtondent upon the machine and mecljsm- 
ical processes for the majority ol* the things that we 
have come to rt'gard as necessities of our daily life. 
It is quite true that handicraft ]'rocesses still exist, 
but, from the [toiut of view of production, they arc 
0^ secondary importance xvhen comjtared with nyi- 
chanical processes. Now, though it is not pvobah!;' 
realized by more than a comparative few, the ma¬ 
chine tool (as it has como be hnown, though such 
a desc iption is a misnomer since it is really a tool¬ 
ing machine, and not merely a tool) is quite as im¬ 
portant as the machine which ministers directly to 
our daily needs, since it is by means of the former 
that the latter is rnade. I'lirthcrmore, the develop¬ 
ments of machines and mechanical processe&goner- 
a|jy appear to hav<^ synchronized with those of 
jpachine-tool design and cinistruction,,though it 
may be that, in practically every ease, tin;demand for 
improved methods of‘manutactu."e and^greater ac- 
curaSy in m»ohanical production J^ias inspired and 
produced the'improvempft in the^.general design of 
machine tools whieh h?s beta so'marked of late years. 

1 
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Now, thr' ti'uo finiotiori ol' ii maoliino tool is tli(5 
prodiid^oii of j):irLs of |•(‘qllir('d siz(5s and shajU'S 
frosn slook hy tlio vcmoviil of llic oxcess iniiLcniil. 
Tills cxocss nmlciiid, ufl(‘i‘ its voiiioval, is rejected as 
wask* or scrap, and llio rcniova] is Htcctcd 1)\ 
iriciiiis ol (»iic Ol more cullinL; tools wldcl. accoin- 
plisli tins cdlifT l)\ a scrapiiik^ oi \vt‘d;.,dMk" or 
slicariM,!’ action. Tn oUc'r inacliims, siicb as iht; 
power and other liaiimiers, winch work stock lo rc- 
(juin'd sizes and shapes, the Iraiisforinaliou is usn- 
all\ (Ttecticd hy inr-iMis <if a comhiiiation of comptessivc 
and stretchni;; lorcas suita,h!\ ajipliod. the ohject 
heinj' to Iransh'i' ni.iterial liom on‘‘ jnua of the stock 
to anothei in orikr to attain the riMpnri'd ol>j<‘<d. 

()l all the man\ v:!,ri(!lies of machine to(>ls extant 
at the presiMU time, the lath'- is nndonhtedly the 
oldest as well as l)ie cornmonesl, its mntihers far 
< .eecdm^' those of a.i'\ of the oth'S's. it is the time- 
honoined veUnaii of the macdntie shop, and 1ms, in 
sonic of its more or less niodiliod forms, fieen the 
preciir-'Or of quite a host of otlun’ maohitie tools, 
thon.ith piohalily the connexion hetwei'u these la-Ucr 
and ih ’ lathe is not veiy clear in vitwv of moilcrn 
di'Vidopim'iits, i‘sp»‘cially in the diiection of sjiecial-- 
i/ed di'si'^M. llenci', it is not niireasoimhlc to regard 
the latlie as tlie p.(‘mif*r niacJiine kxil. althoiikdi its 
relalivt‘ importance is not now (jiiiie as j'roat a.s it 
was in tl. • earlv daas <jt iiiachine.tool desij^n. 

Machine Uh)Is ^feiioraily'may la- divided into two 
well ilelined classes, namely, those i.i which one or 
more tools, each hav'n;^^ a. sin^de cutlhi;,' cd^^r, are 
emidoyed, and those in which the cutter or tool has 
two or iiuire cutting (*d"es. Tho lathe iKdonj^s to 





th(‘ lli’st cliiss, ami is ilislin^ni-jih*"! horn (ahor rti< m- 
l«5rs )f l,luit class !i\ iIm »c1 ‘ion wincli Stihsisis 
iK'twtioti tiu' work which is ojX'Micd ii|)on afai itii* 
cilUin^' tool. Ill the lalhi) lln; woiK ha^ a I'oiatorv 
friotion iil)oiit. a lixcd axis, (he .clati\'‘ molioti ncccs- 
?»arv h»'l^vc(;n the woi'l axis and ll • Jool hciiij.; oli- 
taiiicd In ^dvin^; a iito\cim it l.‘ the I0..I in a diioction 
oilher jiaraJicl [o, nonnal to, or nicli’'''d to llu-axis 
of the work. Tins ii|)|)ii(‘s in praciica y c>cr\ case, 
whollief tlie siM’lacc to lx* tooled i^ exteinajl or in- 
Gornal, c\l!tidi‘lca), conical, plane, 01 helical. In 
oth.a n achine tools ilic aitiin; condilions *110 
ahvays diUcient Irom these, eiilinr m n'uaol to the 
ima'on of the wtjrk, or in re.^ard to thi‘ motion uf 
the cuttini: tool. 



(UIAITKK It. 

HV()l;ITit()N 01'' 'J'HK li.VJ'IIH, 

Jk tlie ri'cords of histoi'v iiri: to l)o relied iiprtii there 
cun he little or no I'ooin for donhtiiif' that man fi-om 
the hirtli of the eailii'st civilizations has h(!en ac¬ 
quainted with handiciiifl tools, hy means of which 
he has heen able to sha|)e, suhstances to suit his 
various needs and whims. In the earliest aftes, 
douhtless, his tools were exceedingly crude, and it 
is'ireally I’einai'kahlc that he was ahlc to )iroducc the 
Vrork which lie is re|'uted to have done,. As he pro¬ 
gressed from plane to plane of development, he was 
however, ahle to iiniirove his tools in certain notable 
ways, though for many centuries his tools were 
purely handicraft tools, and no mechanical aid was 
either sought or ohtainahle until the idea of the 
primitive lathe was conceived. 

ft is reasoiialile to suppose that the first appli¬ 
cation'of the idea' of shaping or forming suhstances 
hy turning or rotating them was made hy the potter 
on the sd'-walled “potte-’s wheel,” when, in the early 
staj'eg of CF'dization, he attempted to produce vases 
and other/-ound vessels of clay, though in this case 
the Bubstanees v'hicb'had to he work©?, were always 
in a more oi less plastiji-condition. It was then 
probablv but a step forward to apply this idea or 

" (i)' 



KV’OT.TJTION* OV THU I.AtIiH T). 

principle to ihc cuso of •hiipin}' liii,r<ler niaP.-rials, 
•Kuclt aH wood, ivory, and lioii*', when man |jad dis¬ 
covered how to make tools which wonid cut these 
auhstanees. 

• Setwiani tliese I wo cases thee ap)ieais to have been 
a distinjnishine ddleieiice; in tin' former case, the 
axis of the wheel was ■"rtical, whilst in the latter 
case’the axis of the material ope rat f d niion was 
horixoniial nr neaily so, and Ihi" it h nmiained np 
to the present time, with lint Tine exception. 

The exact origin of the lathe is wrajiped np in the 
oliscnr'ty of antiquity, hnl it is eeii(.|'ally siipppsed 
that it was invented at least lidODVears afto. Several 
clain.s for its invention have lieeii made on behalf of 
pe.O))le in different countries amt nt dill'erent times, 
but it is (jnite imiiossihle to pive tlm credit to any 
one man. Suffice it to say that the discovery marital 
a niwv era in the mechanic arts. 

The itarliest lathes of which W'e have any reliable 
knowledge were, naturally very crude. 'J'hey were 
dead centre lathes and embodied a iirinciple of design^ 
namciy two dead or non-rotating centres, which is 
found m only one or two cases amongst modern 
. lathes, though in the Hast the native lathes of to-day 
do not apparel.tly* ditfer lii any substantial manner 
from the primitive lathe. 

In its most jiriniitjve form the lathe consisted of 
two wooden posts or stakes .which VcrcpiTiveii into 
the ground and lixe.d thdl-eiii in an iiprigjjt or vertical 
position. On khe insiUe of eatji ^lost at.a short dis¬ 
tance from tipi ground a ijoiiited piiJ,or conical centre, 
made of wodtl or soipii similar m|j),^erial, projected, 
this heinij fixed toor iu* thef nost in each case, so that 
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no nioiion \vli;iu-\('r was iinpai'Ual to it. Tiio two 
WMitroy^ wnc ]il:ic“() at a]j])roxiinatol\ tli(‘saim'. dis-' 
Unor .frojn tbo jLfrouml so (hat the lim* joinin}^ the 
])oints was hon/onLiil oi‘ Jicails so. On thes(‘ j)oiiitH 
tin* work \\as supported and pivoted (tlie work hav 
in,^ Iteen pie\ioiis!\ eenlii'd at eacli end thonj^h 
iiKM'iMU' ie.ss cnuleU and any ti‘.'’htn{‘ss or slaekiiess 
of lli(‘ work l)et\seen liie centres was li-inoved l»y the 
adjiistnienl of ihe iiusilion of one of (lie posts. 

To the j)osts a lioi-i/ontai heani was toniporarily 
attached on tJic fiont of tfie lathe, and this seiwed as 
a Kiij)port oi rest loi' llii' cutlin;.; tool, in the iiiani}iii- 
lat.ion of whielj the i-urnur (who was almost insariahly 
ol the itimaanl class) was nsuallv adopt. 

The motion of ilw' wmk was not of llio nni-direc- 
lionalhpe, which is ciiaiacteiistic of the majority ol 
jp^ulern latlies, hut was of tie* oscillatory or lo-and- 
kv,o rotators i>pe, the woik making a few uwolutions 
fiist in one diic'ction, tlien in the other, this cycli* 
of chanjie'. hein*; icjieated inoic or less iudolinitoly. 
M’luso two motions were imparted Lotliework (w'hich 
liad pi'eviously l)e<‘n made ap]>ro\imately round at 
one end h\ hand) hy means of a cold, or its eipiiva- 
lent, which was wj'a])]>ed once or twice louiul that^ 
end, one end of tlie cord Ikmiij' aitachetl to a foot of 
tin*’ tuivjer or his a.‘4istaiit, and the other hold in his 
liand. The eoid was ]>ulled to-and-fro, (ii-st hy hand, 
then this actjon causing' llic cord to |je 

wrapped on, and olT tlu' work simultaneously, and the 
woik to revolve itir eacli diietition altiM’iiattjly. Ob* 
viou'^ly, actual cutting was possible oijly during;' the 
jieriod of the forvyjird movtjiyept, the tifi iier luivin^Mo 
koe]) liis tool withdiawd slihlilly diirin*; the other 
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7. 

]»ei'io(l, llKuliitaiioii of wlWuli luu^lily u> 

• tlint )l‘ Llic former. Wlie'i tli- oiriiei in llte 

very ra.iy wal on the <;ici(iiui) ^mtjsclf 

acliialed t)ie oi rd amt woi k. ht' li;ul !(• ii>»' a liiiiid and 
•i loot tc» man'|ndale ihr tool; wlier) In* li:i.d an assisl- 
aut, ln)\^ever, he wa'^ ahJe. to a'O holh his liaaids to 
control and j^uide llie loo’ 

\VTtli sni'h a, lathr as ihis, n caniM-i reasonahly 
1)0 s»i|>)Kisc(l that the wot k prodi ecd oj'‘on was at 
all eoiy))aiahlo with that ptxfiliiced on ilie. inodorn 
iaih(‘. We must, howeV’er, apprecialo lli(‘ lael Uiat 
hy means ol jt «;ieatei iiecniaiex ol \\oik was possihh^ 
tha I h\ an\ olhei na'lliod then l*n(»\\n. In fact, wu 
ar“ rold that ihe anciunis coiriniotd) ohso ved that 
wjieii an\thin;’ was doiu* accurao-lv ai d di'licately, 
it w: v ‘'as if Jt liad hi^en tinned in the lathe’'. 

The. Jiist Stef) in the (Wolntion ol the lathe was the 
raisine of the axis, tfins allowin;^ the tnrnei' to oji- 
cu]i\ a standine jjosilion in conlradistiiietion lo the 
sittin.e fiOsUtrc: \\!uch is so eha,]'aclei isi icall\ Oiiental. 

*Th > eliaiiec was ])i'oha})ly dui li) Ihe spread of 
tile nsu Ol iho lathe to Western Kinope. 

Then.etiiod of hoidme and di’ivmi^ ilio woik, how¬ 
ever, leinauKid the same niilil tlie us** of tlie sprin;.; 
j)ole or elastic (from vhieh the name lullir is 
j)rol)ii)l\ deriM'd; was conceiveiiin coiinexiyii f.iHi 
the methojf of tlrivin;^. 'Hie .s^ain;' j>ole was us¬ 
ually a \oun;; sa])liije which ^lOssessifl a amount 
of resiliency or inliereiA elasticity, and whicii had 
its ufnier end Umt ofci slieliU\, It was placed in 
the f(round iy close pioximitv^ to tlie latlu', so that 
its u}»])er eitd was immetliately"^ahove one end of 
the woik. To tlijs (Mid <.K’ t.li* pole <)iie mid ol the 
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coni vviis fastened, the other end, as l)efore, lieing at¬ 
tached, to the foot of the turner or his attendant.' 
The enttin;' motion was obtained hy prcssiiif' the 
toot down, and the return motion I'csulted from the 
effort of tlie jiole to I'otiirn to its normal jiosit'iou 
when tlie iiressiirc of the foot was removed. ])ur- 
in;,' eacli movement tlie (!Ord was kept just taut on 
the tollowiuf' side. ' 

Till', next sta;,'i^ in the development of the lathe 
was the introduction oi the treadhi. This was made 
shortly after the spi-ini; pole or lath had been ado])ted 
(ainjai'cntly about the sixteenth centm-y), the lower 
end of the cord hau}; attached to the treadle, and 
the latter heiiif,' actuated hy the foot of the o]>er.itor. 
This was a decided improvemcait, hut the hi-direc- 
tional motion of the work was still I'etained. 

JK change in the form of the bed of the lathe also 
oiicnrred, the new form consisting of two beams of 
wood separated hy short distance pieces, and tied to- 
^'ether so as to he parallel. These w’ere secured and 
Shpixn ted on two wooden Jefjs or posts oi' on a bench- 
like structiii'e. Centre posts were provided, and 
these had tenons formed on their undersides and 
passino throiiKh the space between the wooden beams 
or hearei’s, with wedges placed in them to hold the 
heafis o,r posts in }K)sition. Later, the head on the 
left became fixed and only the one on the rif'ht could 
have its jKjjition 'altered to allow' for differences in 
the Iciifiths of the various pi'eces of work. 

.‘\ variation of the spriiifipole or elivstic lath in the 
how of the archer, or i,ts e<pnvalent, appears to have 
been adopted in certain countries durinj; the seven¬ 
teenth centui'v. A lathe emhoclyiny this idea is ilius- 
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EVor.TiTioN'oi' Tins LyrtE 

tratedan Pi}r. |. In this fonn'of Jatho, tliy fniiiic of tJic 
4)ow was socuml to a fixti'i-ce-’above o] J)ehtnd 
the latde, and the actuating coed had one (aid at¬ 
tached to the Middle point of the liow-stiiii};. The 
iKitiOM was precisely the same i.,s that which occurred 



Fk;. 1.—Karly form of )|,th(*. 

iij casfi of tlio pylo lathe, tlie restoriiif^ forci* 
being (lue to the elasticity the *fran»'of the 
bow. 

It was about rtiis tiinfi that the hlca of the wheel- 
drive ^as applied to the latlie«U) gjye a uni-direc¬ 
tional motion t6 the, wosk. th'e two jttlytres still both 
being kept dead. (This'dtiVe ■ (toes not aoitftai' f.n 
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li-ivn l)iM5n adopU'*! as a ^ival to Ok* oklcr drivo, as in 
niai))* (“iisfs Ok; \vIkm*1 diivT and Ok* how or ])oU* 
driv*;* i‘X]sl(*d sido In suh*. Tin* nhools wliich, as 
otK* would naLurallv suppose, w<‘r(* ??iad<‘ of wood, 
l)uilt U]» and of {;riide desij^n, were plaei'tl in vai’iovs 
])Ositions with respe(;t to (he lallit*, but inicvery in- 
stane,e Ou'i't* was pr(*sent the j^eini of Ok* niodnrn 
tr<*adl(‘ laOie. Tin- wheel was nionnted on a \toodon 
shall whieli rolale^l in wooden l»earin^-', the LiUer, 
oh\ious|\, olTeini^ a* eonsideiahle aniounU of fric- 
lional j'esjslance and, thert‘tore, healiiij; excessively. 
I'lie crank ]Kn was made of wood, and 0ns w.is con¬ 
nected to Ok* trea^^le hy means o! a. .^li.up oi' Oion;^ of 
skin or leather. The drive fioni the wheel to Ok* work 
wa.s direct, ihou;;h wIk'h* tie* woik was small in 
dianietei a pnlley, eneiicliiif^ the woik, was I'ln- 
yloyed, Oiis pullex heitu^f dii\e'i from the whe<*l hy 
*tlie eord oi ro]>e. 

TIk* dead-centi<* foim o! latlie was no! sintal)le, as 
it stood, loi iiitei-nai 01 cnj)ped woik. To make it 
smtahh* for such w'«!ik it wjis necessaii v lo leinove oiu; 
ol Ok* ])os|,s oi- Ik'.hIs {(Ik* one e(piivalenl to tile 1(K)S«; 
lieadsiock ol tie* model n la, the), an<l fo snhstitute in 
Its plan* a post oi }K*ad in which the outer <‘nd of Ok;’ 
work could he ])la<'etl. ‘ 

T’i’('*m this, doeihtless, tin* runmnj; mandrel or 
spindle was {levelopi*d, it reipiiMii*; init a slight 
chan^'eus?‘ ai wooden mandiel ruimnij^ in tw'o 
heads oi jyisls, and lo secfin* the woik to the nose or 
lU'ojectinj;, end oh this, the Tiuter («nd of the woi'k 
hi'in;;, as h<*fore^ supportnl on the ceptre in tk * tail- 
jiost. Jn the^ei'ily forms ,of mandrel' lathe both the 
um-directional atKl“oseiMaLo|,\ motions were used. 
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TIk* !U'Xt step \v;is in (»[ iidii Hi iii* 

'or till- r\isltiiii wuoi'rn • 'cs in Hr* iik’Hidn'l 
I'ltlics, 510(1 ill llii‘ ns(‘ ot lion cnnth-s in th»‘*t|i‘5ul- 
nontio Ijilhfs. Following ri.t"'" \v:i.s {Ii<‘ iis(‘ of tin 
iMHl In.Ml ))(‘:u in^'', llirsf liltci! in llic wooilcri 

pOKts <)]' fiicj;l)i\in^ wiiicli w in '^nnnrci) 

to the l»nnri'r^ ol ilm Im-' scpsiisitch |j\ nic.in^' ol 
'1 iuNc wcrn Ircnn'inliins luh'ir in {ixisc 
th“ ivsiill lifitit; in(5r.M-,r(l :unur;n ol woik. 

TIn‘ Iwi' it'si j’oi the tt>ol \\ii4 im'\L ohiin^cd loi llit* 
iinAiiiilr to**' rnsi In the hnil. hiil tins 

cli:ins'«‘ 'vns ,i \(‘iv oil*' iinincd, siiicn ri.j-liL 

into liic iniddln of tlin niiM'iccnili dt'iilnrv tlin Imr icsl 
\\5i'- 'i‘.(‘d in conjiiiKitloii with tlir d' lui-Ofiilio btlic. 

An improvniiuMil in ihc lorni (>1 tlm L.olMonk wn^. 
iiisidn in llio ji-pliwdiij: ol llx' lixed ocnlro l»\ n mil 
5111^1 screw, llie end of the sciew lieinj: sh:ii p ])oinled 
like 'tlie end of the modem ceiilie. 'I’Ik' e-ntie W.i'* 
juljm ted )jy turning ilie mil. on llie s(ne\v. llie hilLer 
lieine litu‘d in llie \\(K)den li “kI, .ind llie mit pi.iced 
on tile ‘‘ont or work side. 

MetiiJ lieiidsioc'ks ’\er(‘ then siihstilnted lor the 
W'oodi'ii ones, the firsi meUd lieadsloek hein^ eon- 
iitriiclefl hy .IJolt/iiptVel in the elosiiii; \e 51 rsot llie 
ei^diteenlh ceiitnr\. This h mlslock wiis nntde jn 
hriiss tliou;fh iron In'iidslocks were Unidi* shorl l_\*ii.tlej - 
v.iO’ds. (Joiticiil spnidli^oi iniMuhel joiuiuilssind hestr 
in^N w’ere also iipplu'd to yieJathe. Iliouel^liis idea 
was not exactly new sinci*conical jonrimUand Iwar- 
ines in wood h?ld heen tned iikoif- than-JOG years 
previously. THiis was, nowevf'i* llni4’U''t n'liliy sue- 
cessful att(‘m]>t* to take«u|)»the iln^»<t on a eoniciil 
heariii;^ surface. 
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LATHES 


At first only the tlrivhi}! headstock was made in 
nietalf but, latw, the tailstock was treated in the 
sainemianncr, tiiouKh only for mandrel lathes, the 
hand-turninf' diiad-centre bathes retainiiiK to the 
last the two wooden heads. • 

The method of holdine down th(‘ headj and the 
tool rest was also im]iroved upon in some, oases, a 
holt and nut heine used in a manner soiifewhat 
similai k) the |)resent-dii,Y Unf'lish method on hand- 
turning' lathes. A inethod in which the kolt a,nd 
wedHe methods ar<‘ combined is ninch used on 
weod-turnin;' lathes even to-day, a haiif'inf' holt and 
nut heiiiK miwle rIJ'id by the driviiif'-in of a wooden 
wcdKe between the head of the lx)lt and the. under¬ 
side of the lathe laid, which is usually (thouf'h not 
always) made of wooden beams or hearers. 

• .All o])och-markinf' eviiiit in the history of the 
dathe occurred wheii Maudsley in the early pait of 
the last century invented the slide rest. Ilithorto 
all turnine operations had been baud operations, 
hut by means of the slide-rest and the or 

leadiii}' screw (which he also applied to the lathe, he 
heiiif^the first to make a faii'ly larKe accurate screw) 
o))erations could lie made In means of a power-fed 
tool. Without this invention, the lathe would have 
remahied a hand-inrniiif’ machine, and many of the 
present machine-tool devejppments ’would have 
lieen jioNedate’d. . ^ 

Ihe foriji of the lathe hdd also underwent c'hanf'es. . 
With thB_ii,dvent ef bhe metal headstock it was found 
that the woodfp bearers or sheni-s did not possess 
Kood wearinf'jjwjklities, tojavniedy which, at first, the 
tops or wa^’S were *platfd wjth «heet metal secured 
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by screws. An impi'ov(‘im?(it. ^iirop this was •ibc 
fls(' oC cast-iron strijis nini in}.' 'ic; whole len^.'lh of 
tlie hecf (one on each shear), these sn]iportin}*))oth 
hciwistocks and f^uidiii}' ttie (.lilstoek. I'liese strijis 
h!ld curved iijiik'I- faces fas shorn in Fie ‘d), there 
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hein}.'eirrespondiri}'grooves in the undersides of the 
tw# tieadstocks. ' 

With, tile advent of the slide-rest the cse of the* 
n.otal l.'ed hecarne necessary. Maudsley used a lied 
of tri!uif.iular section (Fip. 3) on his first self-acting 



lathe, "there hoiiig two of these ssctioflji used side by 
side. Beds of sections siijiiJar to tljcjiig indicated in 
Figs. 4 and 5 were- also omplofed, and it is from 






I I 

iIh“s«‘ i)i:it ihc )no(l<Tii linin’ Ixds of liotli English 
iuhI .Wiii’ncini tli’si^nis linv<’ «‘Vo1\j'(1. * 

(Vl. iioii lu’ds wciT also tis(‘(I in haiui-turning 
liilln’s ol ihn inmidn’t tboujih up (o tlu^ iniddh' 
of lh(’ liisl (‘cnturN wooden hcaicis W(‘re in eoniincfn 
n-^r even for ineliii lul•nlll^. . • 

'File reinuitnn^ sUii^rs in lln' evoluiion of the lathe 
lielonj; to \\h:il niiu lie eonveni<’nll\ terni**<] iFie era 
oi niiHifni maeliine-tool de^i^^ni, the inaiii feaUires 
ol whieli, NO lar as Ihe lathe is eoiiei’rinaK will he 
(leak with ill the suceeediii^f eha])teis. 



"i,\ssii u:\'ri(i\ (IF la 


'J’lfi; !('nilt‘iKi\ f>l iiKKlfHf niiU'liiitr-iool [n’nrticc is in 
the 'lirnclioii oi •^))(‘c.*Iilll/,llin^ utu] willi no itnu'luiu'- 
tooi I'' If." ^ n iidriicN iMoic (Icrinilf or nion* ('\ti-iisi\c 
\hiiM \ ilh ili(‘ liilho. (Icntitnd Tor tli*' rodiutlion 

of ill*'cost o! produclioii ;is lln* din-ci n'suit, of jjfi 
‘iHjrcaso II. llir rail'<d |)h«liictioii fuis catist-d such a 
i!iu]li)'l"''atioit ol lath*' foinis that, at ill*' ]>r»'K(‘nl 
tiriK*, ihoir nuntlx’r i^ sotm whore in ihe neiehlxun- 
o'" iiliy, and in.iiix «il' ilies** ai'c inaiir ’acliired 
In 'i wide raime .,1 <\y.r^. Man\ of tlies*- variants 
.'■an, Jiow'ver, he classed [on(>ti|,>r sinci- Ihey enilaxlv 
]n’!ictiea i the saute p-jH'ral ])iinei|iles of desieii 
and operation and va , onl\ in ]i.irti(*ulai' d‘’iails. 

An a,|‘|)io\itna.w- elasdiieation of llie principal 
liFthe typv's jiiav he ^nade a.s follows. 

1 . Ihnd'ifiniiii'i Li/llirs. -These are, in the 
nmi;i lailn's oj a conipaialivelx sniall size, and the\ 
are ^o ih'.si^o.cd ami cot.-.iiiicied ihai all o))eraiions 
, on^iheinjii ve to he perforni^-d,*ei|}n'i direcliy or in- 
♦divi'ctly. I)y hand. In the former (;:ise h..,ml tools 
are eniplov‘<i. ihAse heinj.i Indd ni posiiiot? on tool 
rusts sn])])ort*.; in the laUrn-casu^-^ools an* held 
111 (‘itlier a sini])lo or cofn]K>und toed rest which is 
secnr -d H^^idly on tin? lied of the huhe, the rtnpiirod 
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motion bcinf? iinparticd to the tool by the hand-opor- 
aliom of either or both of the slide feed-serewS. 
Ijatltes of this tyjK' comjn-ise, iimoT)f’Rt others, 
I)oiieh, jnveisioii, model, ])attern-makers’, wood-turn¬ 
ers’, plain tiirnint;, ornamental turninf', and some 
forms of hrass-finisliirif^ lathes. Tlie.ehAraeteristic 
feature of sueh latlies is to be found in tlie fact that 
no movement is of tlie self-iiotiiiK or automatic 
variety. Tlie lathes may he eilhei' power- or treadle- 
driven. * 

2. Engm-c Lathex. —This class is a fairly exten¬ 
sive one, and is the one to which the majority of gen¬ 
eral utility lathes helone, as well as a number 
which are more or less restricted i n regard to ranfre 
of usefulness. Strictly, an engine lathe is one 
which is provided with power-actuated tool feeds for 
•slidiirg (that is, longitudinal traversing), surfa^eing 
(that is, transverse i raversing), and screw-cutting, 
hut the description as a generic one may he apjilied 
to practically all so-called centre lathes jirovided 
that they are providerl with at least one self-acting 
feed motion. Hence, there may he included in this 
class lathes which are distinguished from one an¬ 
other by having either only a self-acting sliding feud 
{notion, or only sliding and surfacing (as in some 
borifig and sniHicing lathes), or only sliding and 
screw-cutting, on only scrciv-cutting and sui-facing. 
Tn thiirtilass there may jlso he included such lathes 
asi front-Ailide lathes, chucking lathes, and ga])-l)ed. 
lathes (which lire essontfally English). Hnginc 
lathes are usually }x)wer-driven, though some of the 
smaller sizesiifije eithervilse or only iirovided with a 
treadle altachmenl. 
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3. Turjrl l.ullii’s. :ir(‘ Tiithos \\|jk-)i. aiv 

ohiiia -1 hy th(ii possc’^su'ii / > .i turnl liyud, in 

w^ndi lli(- loo]s aiv licld in '>n( }i .i wav tliaU nacli 
tool ill ils tiini’s liKmiilil. ><'' wni kinj^ ])Ohition 
a^ the o( (ho miatioii t>(‘ tl"‘ In-ad. Tho\ jiniy 
he oithfi Voii-:iuloiu<itic s«‘iiii aitu-malK', or full-au- 
toinatie. 'I'ho liist is (hr < rdinai) lonn of iiirrel 
liillio, tvhils- ihe last is a sjioeial inachii.'-w(iich is 
Jinowii in .me form as an aultmial'j si;, v inacliine. 
Furtliei., nOM-autoinatii’ niaulilncs may 1 m‘ either 
plain (iinet (allies (iti wliieli the turret liead is 
rotated and truislated h;. means of a siraiglit handle 
or le,\..') 01 ’ cajistan lathes (in •wliicli a capstan 
h.unlie witli idlhe!’ foui' oi six aims rejdaci's the 
•^trai^ht fiandle). Theie ate sevei *' oth< r foinisof 
this tsj'*' of lal)u‘, Imt of tliese the most im)>nrtant is 
dm ejinltination tinret lathe, fn this machine 14 
turret head is comhined witli an ordinarv en^nne- 
lalhe shde-resi oi‘ a sli^dit modification 01 it. Jn 
ome few cases the turret head has to he rotaUal by 

liantl; hut in the majority of cases this action is 
automatic.. 

4. Vetl ■«.' fMthcA. —Tliese are also known as 
vertical horinj' and turuin;: mills, and are distin- 
^mislied from all otlui?' lathe-fo ins hy tlut fact tlitit the 
axis ol (he work is invariably dis|)®sed in a vt^dical 
position. Jlol^i internal and extei’Jial work can hojier- 
fonnedcn the.se machines, whjch are*morf;,snital)le 
for larjic-diiimetei’ work of shoi t lenj^tli thaii^ny other 
form of latlie. .They fna;. have ^-ither jne, two, 
t4u-ee, »r four ti^ls at work smiu^tan^usly, and the 
tools may be secui-ed in jilaip* or tun^t heads, 

O. S 2 }ecial Lathery. —yiiis* is ti very numerous 
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class and includes .the following: lathes for axlc- 
tui-uicig, shaft-turning, fly-wheel and i)ulley tui-ning, 
and'wheel bossing and boring; lathes for chucking, 
taper-turning, roll-turning, chasing, screwing, form¬ 
ing, copying, hacking-oil', and relieving; lathes jor 
sjiinning, ])olishing, and grinding; face-plate or pit 
lathes; crank-shaft lathes; crauk-piu-tnrninglathes; 
automatic threading lathes; pin-and-stud-turning 
lathes; nut-facing lathes; projectihi-turning lathes ; 
and lathes with double and open spindles. 



On.Vl’TK'f JV. 

IIASl)-TIUiNI.N(i IjATHUN. 

« 

Ar.fj hiiu^-tiirtiiiif' liillies liiive foiii’ ('ssejitial 
mciits: till’ f:« t or driviiii; iK^ii'Ixtock, by iiieiins of 
which t!'' I'Owcr and inolion arc transmiltfil to tlio 
woi-k; Ihn looso-luiadatocli or i)Oj)]K)l-h(!a(l liy moans 
of wli'ch the tail onil of the woik is siijjjiortod whim 
necessary ; tiic tool rest; and the I nil on wliich the 
above three pii'ts are mounted and on which the 
two 'atter are capable of slidin" when any chanp'e* 
or adjustment of position is reipiired. 

Metal-turning Lathes. —The hods of lathes of 
this Jtypo are usually of thr llat-top variety, the 
standard form heinf,’ repre¬ 
sented ill section in Fif;. 0. 

These beds (which are made 
of cast-iron of a hi^di-grade) 
are almost invarianly inountod 
on leg.s or sjiandards which 
an,, or should he, seenred 
flrjply to^ the floor or founda¬ 
tion on which the lathe stands. , 

. 1 ■ I'K). t>.—natiui lieu. 

The Amerioau naiid-tunuiig • •, 

lathe Md has a«op with laised ofliiivstded vees (one 
on each shear or girder •sectionj, these acting as 
guides to the loose headstock, whereas in (Jie case of 

il'J) 
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tiu' J'jiiidisli bed thjs "iiidimec ih oldiiined by lucans 
of ;k toufjiic or ward on llio iiudci'sidn of tlio Kto'cli 
wlihdi lil.s cxiic'llN in tlin spata; between tbo two 
slieiirs. 

One fonn of this ty])e of latlie is indicated in yiy. 



Fie. 7.-'Metal luiiul-tnrniiig lathe. 

7. It is a ])Owei--di'iven lallie, this beiiifi the modern 
form of tlie’band-tiirniiiH lathe. Tieadle or ioot- 
di;iven liand-tnrnin” lathes are very rarely met with 
nowadays, the '„'ryat woak'iiesa of • such lathes being 
that it is nuiijissibli; to perform the two simuitaueous 
operations of .driving uivl. turning in a satisfactory 
manner. The pdwer'is transmitted from a main- 
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ili-ivin^ or line sliiift liy I wo liolLs la n 

co 1 inf(-i-hafl. or ovfiliCiul ti'ro’wl 'it is pint ofr llio 
eipiijmu'iil of the latln'. Tins I'oinilcrsliali. is Jiro- 
vi<le(l,willi last and loose pullrys, ilra e lieiiif; one fast 
putley and two loose ones. Wien tlm lallie is not 
in coininissftin, ifie two l'"lls (one ol v\ die.h is eiossed 
so as to eive reversal of nn .,on wlien lecniiied) run 
on the two ,oose jiidleys. To pnl eiiln" lieh into 
action it is necessary to move it (,n to tie last or 
diivinp )n'iilev of the eolinfershaft. This iiKivenienl 
is cllected liv means ol a hell shifter, wliieli (in this 
case) eon ists of two heks connected to two foot 
levers ny either chains, lojie, or*cahles. When 
(lithe, r ,0t lever is depiessed, the hell tnili eoiineeted 
to it is caused to nime towards Ihi fist jr.illey so as 
tooccnny a |i(nition directly o))po.sile to it. On the 
roieasoof Iho lever (which can he held in position h\ 
ineainofa notch) ihc hell forli moves hai.h to the 
loose ptdiey carryinp tlic belt with it. Othei desiy;ns 
• l)cll-shiftin„' poar are applicahle in cases of this 
kiwi, he: in all instances it should ho iinpossililc to 
have, hoi.h holts nioviii" toward.s the driving or fast 
jiulley simultaneously. 

Speed-variation is made p issihle hy the ])iovision 
of a pair of thn'c-stepjied coin (inlleys, one on the 
countersliaft and the other (which ^i, of eonrsf^ le¬ 
vel sejl) on the spindle,of the driving hcadstoek. 
Thf couiitei'shaft is suj)]ioi'[e(l in lioarinns ^n two 
hangers, either (generally) of the U or J type, thwe 
being secured to the roof hiidors or Dtiarns. . 

The Sipindle at the di ving hitwlst,c)p,k is usually 
provided with two joiirniijs. tlie neck^f wliich may 
bo eithei' parallel oi- conic'il; in ttfe case of the for- 



iner Ihn lioiw’in^s ii^i-c iii two piirts, and arc not ad- 
justiible; in tho case of tho latter the hearings rfre 
geiifrally (thongli not invariably) of the adjnstrahle 
variety. Tn this ty])e of lathe usually a pin or pivot 
thrust hearing is provided at the. tail end of the 
spindli! to talo! the thrust on the spjndte which is 
produced in the cutting oiieration when the direction 
of cutting is towanls the driving hoadstocli, though a 
hall thrust-hearing is to he found on some, of the 
iiightu gnidc machines. The use of the latter is 
pnderahlo to the use of the former, and gives far 
less troulih; in reganl to heating and adjustment. 

In all modern'iaihes which have, any ]iret(Uision to 
the name, the driving-headstock s|)indlcs ari! made 
of high-grade crucihle cast steel, and in some cases 
thos(! arc hardened throughout, whilst in othei'S only 
.the joui'iial niicks are hardened, in anv case 
the journal necks are ground to shape and size.. In 
rtigiird to the hearings, cast-iron, hniss, high-grade 
phosphor-hronze, and ajili-friction metal are all in 
use. The nose of tho sjmidle may he threaded either 
externally or internally, or txrth. 

The, driving headstook is secured to the lied hy 
means of clamping Imlts, jilates, and nuts, the exact 
position of the head lieing located hy the use of a 
tongue on the underside of the stock which fits in the 
space iHitwccn the two sheafs of the lied. 

The J'losu-lioadstoek (movahle headstock, poppet 
head, or,tailstock, as it‘is variously called) carries 
tho supporting centre for the tail "end of the work. 
The centre is,fitte(fcin the end of a lif'llow horizontal 
spindle (called'the inaBdrel of the headstock), the 
position of this in’'the headstock being adjusted by 
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inisinK of citlioi a Ifvoi’, a ffaiulwlicel and screw, or 
liotli. fti the looso-headstoek w'ncli is nijii-eijMited 
ill i’ig. V, it is the second of these inotliods which is 
employed. Tnc'dentally, it may hi' remarked tha! this 
nictliod is the commonest of the three. The body of 
the headslock is clani])ed in position on the lied of 
the lathe hy a handle an I jilate as shown in the 
figure.* 

The hand tool rest conslsls ef a lolled base, 
wliich r-’sts on the lathe hed,*and a i.o]) tee-pieee 
which Jits in a boss sprinpinj! f™m ti't' I’ase. The 
toe-niece (which .shouM he made of cast steel) can 
he se ..ii’ed in any position hy niea^is of a set-screw 
in the base. For hrass-tiirniiif^ and chasing; the. top 
of the rest need not he very wide lint for iron and 
steel tnrnine it is very desirable to have a flat top, 
as this eives more support for the heel of the turnirn; 
tool. This dilterence is due, more than Jo anythin},', 
else, to the difrerence in the euttiii}' forces which ex¬ 
ist in ihe cases of the two dilTereiit classes of metals. 
The base of the rest may he clamped in any iiosition 
in the manner indicated, thoni'h there are more 
elaborate and expedaious methods in use. 

Some hand-tnrniii}' lathes for metals are also 
equipped with a slfde-iest. This is usually of the 
eomjKmnd tyjxi and fitted with two slides, one (the 
I'lwer) bein}'*disposed ^icross the bed and the other 
normally parallel to the len}'th of the fied. further 
improvement is the substitution of a swiycllin}^ top 
slide for one that is Jilted; thqn *1110 to}| slide may 
be aneanged ^t any argle to the l^he axis and so 
used for the machinipf; pf tapers. This form of 
slide rest cannot, howeVfer, ho travci-sed along 
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ing, iiltfioiif;!! it ia JxiHHible to turn rnotal on wood- 
tuniiiif’ lathes, and wood on ■metal-tin'iiinf' lathes 
It is, howVvor, desii'ahle to keep the two fonps dis> 
tinct,. I 

In the fiivi plaei!,"since outtiiif; sjieeSsare generally 
mnch greatei- foawoofi than for the nietUs, the avail¬ 
able spindle spe^’ds (in revolu'tiona pei’ minut(!) are 
higher tor wood-tnriVing lathes than tor the others. 
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Apiiii, the beds of many lattTcsof Ihin kind are iiaide 
Of woolen heaivi's, in desi(^r iun' ■■iTaiif'ement soine- 
wlial siindar to tfiOKC of the ea]'ly lathe, as illnsh'ated 
in ]||ig. 2 , hnt without the added inelal Knidea: in 
this forai the hed is sometimes known as a “ ('aid-ry 

An up-»o-<i|jite form of plain vvoed-tnndnf^ lathe 
is re])i'esented in rie H. 1 l will he seen that this is 
a tiaaiJle 01 loot-flrivt'u liillu* with a Ivd ^sliich is 
loTij^or thiui that of tfi<‘ avcraj^c wotnl-ti; lin^; of 
tho sanio 0(!Titr<'-h<*ij:h(,. In this liitho tho two (‘hds of 
the spiiulh* ni'’, utilized, the onh'i* end hein^^ available 
for u«c v h(Mi work of a dlaiiieter larj^er than tliat wliicli 
can oe worked ovtn- the hed has to^ln* tin-ned. Two 
too! ivsts are, th(Tefoi'e, jn'ovided, one resting; on the 
hed ]>ro|M‘r, and the otlier on an anxiliary hed which 
IS so desi^uiod lliat the rest can he moved in either 
or J^oth of two dH‘(‘ctions at ri^dit anj(les to each oth»‘i» 
Thi* lath'* is manufactured hy Mr. Milnes, of j 
Brad foi-d. 

Drivers,— In connexion with the ojieration of 
motal-i'irninj^ lathes, the ordinary uietliods of driv¬ 
ing; the work, namely, ihu chuck, face })lale, and 
catch-place methods, are availahh'; on wood-turninj' 
lathes, the faci'-platc*, clnick, and sjx'cial driver 
methods art* employed. 



flHAPTEH V. 

KNOINE LATHES. 

ThiS' class of lathes rfiay be divided into suU .sections 
in sMivcral ways: thus they may he divided into 
treadle and power lathes, accordiiif; to the manner in 
which they are dnven; or into small, me.diiim, and 
larL'e lathes, accordiiif' to their size; or intocarhon, 
“ compromise,” and hish-spficd lathes,' according to 
the diisign of the speed-arrangements and to the 
^oight relative to the cajmeity or size of the lathe. 
,Again, engine lathes are either licit or motor-driven 
and the former are jirovided with cone-pulleys and 
variahle-speed belts or “ all-gear " driving headstooka 
and constant-spiHid belts. 

The Lathe Bed. —^The forces which are exerted 
upon the bed of an ordinary engine lathe are chiefly 
bending and twisting forces due to the cutting. The 
ideal form of hod to resist these (esjiecially the latter) 
is undeubtedly tha closed or box-section form. This, 
however, in the majority of cages is dilhdnlt to ap^ly, 
and compromiAe forms of beds have to he adopted. 

The stapdard form o^'lathe bed in use in this 
country fop small Jathes is indicated»in I'ig. 9. The 
tops or ways of^the shears arc flat, outsidolacea 

iThis method ,ix ..dne to the date Dr. Eieoleon and to Mr. 
Dempster Smith. 

( 26 ) 
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aro iuoliiied (usually al an ilnf,'Io of from 45" or 60“ to 

4ho liorizontal, the,standartl anp'"- ireiup 05°, wliich is, 

of coursu, the jirofilo or section 

angle of the J’ritish Htandiud 

M'nitworth screw-thread) to 

guide tfic slide-n!st, and the 

inside faces arc verticrl to 

guidcf the movable hcadstock 

and to assist in the alignnient 

of the. fixed hetidstoek. Ilf 

some forms the outside faces 

are vertical and not inclined. lie. !l —Enj>liBh 

lathe bed. 

Thi hods of large lathes have • 

three tops or ways usually, and the girder sections 

ai-c of the liox pattern, as is shown in Fig. JO. 




• Fib. 111.—Bed for large lathe. 


’Modifications of this form 6f bed are very numer- 
*ous, add include beds whiA are provided with tee-slots 
in the shears ft#: the purpose of guiding lioth the slide- 
rest, and thtj loose hcadstock, and also’heds of the 
double-tier type. • 

In every case cross-gii’ts ot ntS (sometimes of 





lariiKs 




Ik)x Hc.ctiori) arc cast lietwccii th(! f'irdc.r siiclioiis 
to strcvstlx-n tli*-' Ix'd, csjiecially in I'C^ard to tor-' 
sioii. • 

The standard American form of latfic Ixd is j-o- 
l)rcscnlcd in h'in, 11. The raised inveitcd v<!('k (hav-' 
iiiH an aiif'lc of on the 
lops of the two shears dilUn-en- 
tiate it from the aliove. *This 
form is really one of the ori- 
jlinal forms of the oast-ii-on 
lathe Ix'd, and was discarded 
many years a^o hy lathe de¬ 
signers ill England, who pre¬ 
ferred the more suhstantial 
form with the flat tojis. Ex- 
cejit on the heavii'st lathes, and in one or two special 
cases of small lathes, this form oi' a modilication ijf 





Kic. It.—Anirriftaii 
laltir lied. 


ithas heon adopted universally in America. 

Where four vees are employed, the two outer ones 
serve as enides to the slide-i-est, and the two inner 
ones as f^uides to the loose-headstock. The two 
latter are also used in connexion with the alif’nme.nt 
of the fast headstock. Modifications of this form 
involve the elimination of either one or two of these 
vees, but, Keuerally, at least one Vee is retained to 
serve asvi Kuide to ftich slidin}; element. 

So-called .Auglo-.American lathes are almost inj 
variably provided with vee’d beds. 

Thejieds gf (ierman latheJ Kene.rally combine the 


features of ^Viuericao ,beda with sonra of those of 
Eu)'lish hods, tlijuigluthere arc some giotable •.ix- 
ceptions to this. J^iic form of lathe bed (the Pittlor) 
is depicted in Fig. li. Its characteristic features 


arc stroiif'tli and aVconiiianii'd liv very.wide 

• Iwai'iif,' and ■'uidc surfacet^ 

J'liif,di«li lallic disicii is also disLinttiiislicJ Iroin 
Aiuorican l)y ;,l)e fad. llial. all Vnicrii'aii latlio beds 
nrc " straiohl(that is, witli a 
UMiforni*icclioii li'om the (hiv¬ 
ing hcadstock to the )tlii'i' 
end),* whereas many I'hiKlisli 
lathes h,i,v<' tta]) beds, and are 
therefon: available lor ns* 
when siiort work of a diameter lit. Ireriiiiiii 

conKidi ndily fjreater 'ban (bat '***" 

ind uated by the heiftlit of tb(!*eenties has to be 
macl'.iiied. With "aii lathes Sd' vieees or bridges 
are ])rovided for insertion in the gti)) when it is 
desiisd to feed the slide-rest dose, n)i to the drivine- 
he-iUstock, In some otises oidy lialf-ea]) pie,cos lye 
piovidt.d, ^ 

Lathe-bed Standards. -The beds of hiti.es are sup¬ 
ported ill at least three dilfei’erii ways. In the ease 
of small “nj'ine lathes—and this it niity be stated 
iiicideiilally applies also to hand-turninj,'lathes—-the 
bed res.s on two ley standards, the legs being either 
straight (as indicated in Fig. 7) or more or less 
curved (as shown fn some ,.f the succeeding illustra¬ 
tions;. The two standards arc i;i the majrii-ity of 

cases situaClid at thc.cxtreinc ends of the laid, the 
• . 1 * * 

^exceptions to this rule being com'Jiaratively rare. 

For inedium-sized lathek the leg Btandij.rds arc re¬ 
placed by box er cabinet standards, thesp providing 
a HKich niot^ substantial sujijioi’t^^to the bed. In 
some few instances standarJ,at the driving- 
headstock end is placed nbt ak the extreme end of 
• the bed, but at some dlktance Jowyds the qther end 
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SO that the support is then almost under the centre 
of the flriving hcadstock. This practice, it is claimed^ 
reduces the twistinf; and bonding stresses induced 
in the bed. The third method is the one whicji is 
adopted on all large and heavy lathes. Iti^this easts 
the Ixsd rests solidly on the floor or foui;dation, there 
being no intermediate suppw't. This method is, of 
course, the only suitable one tor lathes of this class, 
since the distance between the lathe axis and the 
floor is made as ncarfy 3' 6" as possible. ‘ 

The numlier of points of contact or support on 
the floor or foundation varies with the size of the 
lathe. Small latHhs have usually four such points, 
and it is common English practice to bolt the legs 
down securely to the floor or foundation at each of 
these points after the lathe Ixid has been levelled up. 
American practice in this respect is rather varial^e, 
^ome engineers not bolting the lathes down securely, 
but leaving them with a greater or less amount of 
flexibility in regard to adaptation to prevailing cpn- 
ditious. Large lathes have generally more points 
of support and larger contact surfaces between the 
feet and the foundation. Prof. Sweet is credited 
with having adopted the plan of having a three-point 
support, one of the legs being secured at two points 
to the. foundation', whilst the other is left to ac¬ 
commodate itself to the conditions of cutting, e(c. 
The second le^ is really a floating leg. It is, o( 
course, coijtrary to English practice to adopt any¬ 
thing of thif kind, singe English praottee in connexion 
with machine tqpls cannotes rigidity and stability. 

The Driving; pf Fast Headstock.— This, speaking 
generally, is of three types, namely, the cone-pulley 



jinuiiNn jjA'J'hks » 


headstock, the, single-pulley tnuired headstock,-and 
the e.otor-driven geared head took. The three 
types are distinguished Irom one another Ivy the 
methods adopted to obtain the sjuied changes which 
are so necessary in engine-lathe work in which the 
diameters of. the stock may vary between very wide 
limits and in which the eiitting speeds may also— 
and usually do—vary considerably. 

An example of a lathe provided wii a cone-pnl- 
ley hedRstock is to he found in the Sclson lathe 
which is sho wn in h'ig. 13. It is equipped with a 
eonc-pu'ley driving headstock having three steps or 
diameters, on any one of which tile driving belt may 
run. The cone-pulley is generally mounted on the 
main or driving spindle, hut it i‘- arranged so that 
there is relative rotatory motion possible between 
thi' two when the lathe is provided with back-geae- 
ing, as is usual. Secured to the spindle lietwceu the. 
front headstock bearing and the cone-pulley is a 
large toothed wheel, and it 's to this that the cone- 
pulley 's fastened (either by means of a locking Iwlt 
or a spring pin), for the direct drive to the spindle. 
To increase the available number of spindle speeds 
(in revolutions per minute), the use of back-gearing 
is resorted to. The simplest form is the compound 
or doable hack-gearing. In this, the speed is 
iiqluoed by undergoing two distinct changes through 
jiwo sets of gears. The first set co'mpriEOS a spur 
pinion which is keyed, or secured in come other 
way, to the small end of ihe cone pulley (and, there¬ 
fore,* known <as the “cone pfnioru”) and a larger 
wheel on the back-gear .shaft imi^c^iately opposite 
the ninion. This larse whdel is connected to 



anotlicr pinion in liny (tnc. of scvoriil iiossilile ways, 



this pinion being disposed, immediately behind the 
large dririug gear w^ieel'ou the spindle. The back- 


Fio. 13.—Selson enj-'ine lathe. 
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gear Hhaft on which the hrstf wh(*<‘l and the Kocoiitl 
pyiion ere* nionnted is usualh' of ♦he e(icontric type, 
thns ailovving its wheel and piinon to he nipv(«t 
away from or towards the dri\liig '^f>indl»‘, and being 
disc.tigaged from or (iiigagtul with the other pinion 
and whwf. When tin' l)ac-k-ge.ii- is in action the 
cono-pnlLy and the main j^ear wln^el iinist riot ho 
locked liOgether. 'Phe gear ratios in common use for 
<ioiihlo gearing vary from 3:1 to 24 :1. 

Ft has Jl)een the common Mitglish praciice until 
recently tw mak<‘ the four g(^ai' wheels of the. same 
widths ai'd pitches. This is not scicntihcidly (5or- 
rect. s ncii the lalkn* two have to eswry a larger load 
than hi»ve th(‘ foi’iner two owing to the reduced 
jinear speed. American ]»ractic<* h.'is nea**ly always 
boon to make the latter two geai’s wider and of a 
coars<':- pitch than the otlnsr two, and this is general^ 
prjW/ti(;(5 everywhen* now. 

All iniwjhine-tool spindle spct'ds are arranged in 
geornetncal progression (that is, tFiere is constant 
ratio* l>etween each speed and the next highest or 
lowest sp .edj, or as nearly as possible. For lathes, 
the value (^ the comrnun ratio varies from I'J : 1 to 
2’0:1, the Following being average, values:— 

English FractRMi . . 1‘25:1 

American „ . ., 1*40:1^ 

(lerraan • „ . . . 1*50:1. 

To (Jl)tain this regular successioi^ of speeds the dia¬ 
meters of the cone-pulley sifc])s have to be^carefully 
calculated and rented c^mtly to the; hack-gear ratio, 
which js always an intrinsic part pf the desi^m of the 
speed aiTangements. When two couirtershaft speeds 
are in use, tlien they also aro*invci.lve<?^ti the design. 
.3 
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It will readily be observed that the mimlwr of 
spindle sjreeds available is inultij)lie,d by 2 by the 
iiitri'diiction of doidile bach {'eariiiH, and aeain by 2 
when anotbei' conntersbaft spefid is added. Thus, if 
the cone.-pidley is provided with, say, 4 ste]is or dia¬ 
meters, then, with 2 countershaft speeds iriid one ar- 
I'aiitfeinent ol double l>ack-f'ea]-inf,', the nnndjor of 
s)nndle speeds available is Ui, a number which is 
more than sullicieiit for ordinary practice. 

Numei-ous inodilications and extensions of the 
above arr.nieements of the biwk-eearinf’ have from 
time to lime been proposed and ajiplieil. Of these 
only one or t\fo will be mentioned here. One 
method involves the use. of an additional cone- 
pinion and ensaeine eear wheel on the back-near 
shaft, this latter beinn connected rigidly to the. other 
(tear wheel and so desit;ned that both wheels may be 
movi'd on a I’eatbcr in the baek-sbafl sleeve, thus 
causinn one wheel to be enna.ned with its jiiiiion and 
the other to be disenna^ed at the, same time. This 
alteration adds sr speeds to the number of spindle 
speeds, x bi'inn thi' number of steps on the cone- 
pulley, and c the miniber of eounteishaft speeds, 
which is never f'real.ir than 2. ,\nolher method 
involves the use of treble or filple nearinp (that is, 
with three sets rl "ear wheels) and ipiadrnple geariiif,' 
(that is, with four sets of t^ar whiads*!, but such ar¬ 
rangements are seldom found on lathes other than 
tlpse hiiyiiiKa direct fiftc-plate. drive. Trijilc-f'ear 
ratios vary Iron; 19:1 to -10: i, and ijuadruple from 
30 :1 to 70 : I. 'u another method ejiicycbc bevel 
jjcarinj' is employed. 

The cone-pulley headstoek possesses the disad- 



iiNinNi'; t 



the raiif'e (that I'or a (liaineter of 

work) is workiiif; far below fts normal or most efli- 






cient spo(!(l and, thcriioro, is liable to bo unduly 
stressed, whilst at the other end of the si)eed ranpe 
the .load oil the belt is much smaller than the 
strength of the belt indieates. Further, the process 
of chaiieiue the jiosition of the belt is always a more 
or less risky one, as well as a tiouhlesoi’ne one at 
times. 

The “ all-near ” or “ neared ” headstock is de- 
sinned to overcome these defects. This type of 
headstock is one in uhich a sinnie helt'|)nlley is 
einjiloyed, the belt haviiif; a constant speed which is 
generally hi|,'hor than the averane belt-speed of a 
cone-pulley head.dock. The lathe, shown in ]''ig. H 
and manufactured by Messrs. I’ollock and ItfacNah, 
of klancliester, is an example of a lathe with a sin- 
j’le-pulley [geared headstock. In this desi}'n there is 
;io direct helt-]niil on the driviiif' spindle, and thus 
the aliKument of the spindle, is iireserved. In Fig. 
17 another geared-headstock lailie is shown. 

To obtain the necessary gear changes any one or 
any combination of the following methods is avail¬ 
able :— 

(a) The sliding-gear method; 

(b) The sliding-key method; 

(c) The sliding-claw-cliilch method. 

A vnique form of speed variator with a single- 
pulley drive is that which is„applicd to some of the 
lathes manufacturott by Messrs. John Lang of 
Johnston^, Scotland, nn engine lathe equipped 
with this,form of headstockds illustrated in Fig. 15. 
An enlarged plan o', the headstock is given in Fig. 
10. The speeilpVariator consists of a compound belt, 
C, of special design witii bevelled sides and of con- 
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Fig. 15.—Lang lathe. 
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stunt toM)>Ui, which comuicts two inti'i-nally coned 
and adjiistal)li! pulleys, HK and KO. 'I'hc pulley 
JIK is nioiiiitcd on the ih'ivinj;-pnlloy shaft, whilst 
the pnllev Kfi is carrnsd on a shaft which is inter- 



modiato to this shaft and the main diiving spindle 
of tiic headstock. The taian-ed cones II and K are 
fn* to sliilc lonf'itndinally on their shafts simultane¬ 
ously and in tl'i; same direction (that Is, either to the 
rij'ht or to the left). NVhen the longitudinal move- 
m nit is w). tin' left, the belt is forced toiranjs the cir- 



















KNCrfNK i,.\'i'Tn;s :i!) 

ciim feri'iitr oi the, jnilh'V J11''and hfirc ih the eciltri' 
of tli(! j)nllo\ is* I. This action, ol ik.'.u !o, inornasns 
the noii'inal diameter of the formei’, and lednces’that 
of tlte iatt. r and, llierefore, increases tlie ratio of the 
two dianwters and also the s\ie.ed (d the. second 
shait. On'the other hand, a nnjveinent to the rieht 
lawerses iliese ehii.n;;es, and causes a reduction ill tfie 
speed of the shaft of the, j)nlle\ Kfi. Tins | ul'ev 
changes are obtained h\ ineanj of a hand- vheel, 
worm, toothed (|nadrant, and helical splines, as 
shewn III the limine. Prom the, front or interiuedi- 
ati shaft 'he power and motion arc transmitted 
thronjrh a pinion a,lid driving wheel for the direet 
drive, and 'hroiieli trehle ecariiie for the indirect or 
sreared drive, for the low speeds. 

Til's mol; »ti or one somewhat similar in principle 
ha? heeii a|iplied to an .American lathe, hut in thi.s 
.isc themo'.ahle pullets and licit are situated in the • 
eonnter.shafl and not in the headslock. 

Hie third l ype of headslock, n.imcly, the motor- 
driven pea*‘e liealstock, is one which is Kitnilar in 
regard topencral design to he afore-mcnlioned “all- 
"cai ” hcadstock. When the, iiiolor is an allernat- 
iiif^-cnrrent machinii of the non-coimmitatinp type 
all the speed-chaiiocs arc effected hy chaiif’cs of 
{'car-dispositjons. With conliinioils-ciirreiit fnolors 
of •itlier the shunt-woSnd or ^omponnd-woimd va¬ 
riety, liewcver, the, mitnhci^;of possible, spied-changes 
may lie enormously increased hy the nsiHif a iJico- 
stal or variable.-resistance in the herd-windfnp cii-cuit. 
To show whalfean he aceoinphslied J» this direction 
the case of a 40-11,11.IV shunt-woityil motor with 
series ill! 'I'-polcs may he cited. This motor drives 
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an 18-inoh centre lathe OeBigned for experimental 
purposes, and it is equipped with two speed-rheostats 
placed in series with the field windings, this arrange¬ 
ment admitting of the ohtainnient of at least 1,000 
ditlei-ent surface speeds for ojie diaraete) of work 
and one motor terminal voltage with a ratio of 40 
to 1 l),'twe(!n the maximum and minimum speeds. 
This is, of course, a very exceptional case, since in 
practice more than,,jsay, 20 spindle sjjceds are very 
rarely required. 

Engine-lathe driving spindles are cither solid or 
concentrically hollow. In the case of the latter it is 
possible to perform machining operations on long 
bars and rods without having to put tho work be- 
tween the centres. Further they are provided with 
threaded noses for face-plates, chucks, and driving- 
{ilates, or flanges for driving-plates only. 

The Loose Headstock or Tailstock.— fn the 
average case, the function of this element of the 
lathe is two fold: it carries the centre for the tail- 
■fend support of the work (when such is necessary), 
and it enables drills to be socketed in its mandrel 
or spindle and to be fed regularly itito the work. 
Its design is also such that adjustments of the po¬ 
sition of its centre can be readily made to allow for 
increases of length of work resulting from rises in 
temperature. 

In all except the loose, hcadstocks of the very 
simpiost lithos (that is, some forms of hand-turning 
lathes) thrt principle of the screw and nut is utilized. 
This principle k< applied in two distinttively differ¬ 
ent ways. The' first involves the use of a hollow 
mandrel or..spindle, in the inner end of which a brass, 




The longitudinal movement oMlie mandlel is secured 
by the rotation of the screv?, on the outer end of 
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1>< —Diunuiiond lathe. 








a ha]aiu*(‘<l hinullii is employed, and ihe e' .•^itudinal 
mov(imonl of ilie sci‘<“W is ])revenU‘d in 'le* use of a 
sui'Hwed tap. In tli(‘ other form the handwheel aets 
as th(* nnt, wliilst tlu; tail end of tin- inatuhcl is 
thread(*d luRl lits in tie* nut. Hence, tin* rotation 
is ^^i\(!n to the nut in this cast', and the lonj^iludinal 
motion is ntceived hy the scrtwv, which is. ofttourse, 
preventt'd fr«»m rotating'. I’liis form is emfiU ' * I m 
tie* Ijaii'; lathis re-prtsented in 1^’ij*. Id, ;uid on tlie 
Drummond lath'* re})resented in h'lj^. IH. Its chief 
virtUi' lies in the fact that, releria jutriiu/.K, a. sc.ri'w (if 
a larj;er diar'ctci than is jiossihle m^tlie case of the 
other lorm may he use,d. Aj^^ainst tliis must hi* }>iaced 
the di.-^.'-dvautaj^i* of liu\iii^ a projecting; sci(*w fiom 
^ the ta 1 end of the- headstock wtem Uie. other end of 
the mandrel .n closi* in. 


Oi? hirj^e lathes it is usual to provide a ^'carin^- 
iJ A'li device iietwceii tlie handwheel oi' handle ii id 
the iiirndre) .-crew so 
as to reduce th- clTort 
required to fo e the 
centre into the \’.’oi*k. 

This device consists 
variously of plain* 
spur, })cvel, s]iiral, or 
worm jieariuj;*, or a 
comhinriiiou ol tlu'sc. 

There, mri* several 
methods of secunu*^ 
or lociving the man¬ 



lU—M»'tliO(l of 
tait^tuck iiiandr'*]. 


drel in position in the ]>od\ of tiu* hwadstoe.k. The 
commonest for small a*ml Niedium-sl/ed lathes is 
indicated m Di^. 19. It is known as the split-lug 
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method A luj; which is cast on the body ot the 
hcadstock near tlic nose is split at A, and a l)olt and 
handle nnt are used to draw tht! two ])arts of the luf” 
towai’ds each othei-. This action tends to caitse the 
body of th(! headstock to close over the m.nidrel. In 
many cases a striji of lead occupies tin: space A. 

Ill Ii'i}!. 20 is shown llie “ siiif'le-screw method," 
which is used on small and larKC lathes. A single, 
screw is screwed down on to the upper part of the 
mandrel, and the fi ictional resistance so created acts 



Fkir, 20 and 21.—Methods of griniiiiK hiiistoek iiiundrel. 


as the restraint ato any tendency on the part of the 
mandrel to move. This mathod in its simplest.form 
is only applied in the case of the smallest and cheapest 
muchinef, an improvement of the method being the 
introducliion of a (oncave brass insert as shown in 
the figure at ^i. When such is used the surface of 
the mandrel i^'iiot defaced Jiy the end of the screw. 
In some large lathes tHe end of the screw is reduced 
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in diameter and acts a?' the kojf which prevents the 
rotation of tin: mandrel. 

A method which is known as the " Iwin-eytinder 
method ’’ is sometimes employed. Two .shajied aliid 
holloi^ eyiiodei-s are used (as indicated m l''i". 21), 
and these at^ dis])ose*d usually just himeath the inari- 
drel. To lock the inandrel in position these two cyl¬ 
inders are drawn towards one another by means of a 
locking holt and handle nut. 



Tic. i!a.— Mcthiiil ol (trippinR ]''io. att.— Methext ol hoUlinR 
tailstuck maDiln:!. tailstork on lied. 


In Kg. 22 a method somewhiit similar to the 
above is represented. 'In this case, 1 owever, the two 
cylinders are replaced by one shaped locking holt. 
The action is practically the same notwithstanliing 
this dilTc' cnce in the design of the parts of the device. 

Hollow‘concs fitting on tiic mandrel have been 
tried and used to ^omo little extent in .America and, 
though jihe device is much costlief than any of the 
above, it possesses a large advantage oiler these in¬ 
asmuch as by its use the axis ol the maridrel is never 
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llirowij out of coittcid.'Mioo with tliouxis of tholathr,; 
this cannot lx.* said of an\ of lh(' other iiuUliods. 

fn jcj^ard to the lioldiii^^-down of the ]oose-h(;ad- 
stock on tlie l)e(l of tlie iatlje, it may Ih' ol)S(‘rved 
that there ar(‘ at least four different methbds in 
^^eneral use. In the iirsl a olainpin*;'plate Jittin<< 
nndei- th(‘ sli 'ars of the bed and Ijollspassinj; throu^di 
the ])lat('and the Irisoof llu* headstock are einjdoyed. 
This is the coinnion Knylish practice where small 
and tnediuni-sized lathes are concerned. ]n the 
corn^spondin-i Vire-rican method the ordinary clantp- 
in;^ holts are r(‘j)laced hy oih' or more eye.holts I’ltted 
on ecc'Mitrio shrifts (one fortn of which is repi'es<‘nted 
in 2)j). d'liese shafts re]>ose in th(“ body of the 
headstock. and are rotated thron'th a fraction of a 
revolution hy means of h‘V(‘rs. The rotation thus 
imparted to tfie shafts causes the clamping’ plate, 
or plates to rise or fall, as the case maybe.* The 
tR'cessily for the nsf‘ of th(! spanmn' or wrench is thus 
entirely obviated. The third method (which is 
available for ns(‘ on larj^n* lathes) i}ivoIv(;s the‘use of 
hook holts; whilst in connexion with the fourth, 
te(‘*hea<led holts fittiiii' in tee-slots are made use of. 

T}h*s(‘ methods are, of course, only available wliens 
beds of the ordinary secliojisiare used; where, beds 
of circular si'ction are adapteil a niodilied split-lug 
im'thod is ap[»licahle. 

Ijoose-fieadstocl^ are also of tfie non-adjiAtable 
and set-over types. Iv the case of the former’the 
lu'-adstock body consists pf one part, and this is 
capahhv of om* irtovement oiilv, vi:^., along tlie bed. 
Til tli(! othi'f .case the hoily consists of at least two 
parts, the iijtpBr 0iiB/)f'w5iich is capal)lo of cross or 
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transv('i sc ino^onicnl. This iafelcr type is found most 
ircij^iently on 'iiod(‘i‘n latlu's, sincr it (I'.i.ilos Ion*; 
ta])tM's to !;o tuiiind (‘Xpnditiously. 

Oil onr f)r two drsii^i s ol (•n>,nin‘ l ilhc's tlu' looso- 
hoadsiock is <‘(iui[)|M^‘d with n pawl whif.li onii lie 
di’ 0 |)])''d 01*1.0 a tack whicli niiis the hcd. 

Tins pr''Vi.'nlw tho haokni^ olVol ih'* hcadstook and 
V(‘lirV(‘s tlio lioldii'.;-down holts w'luMi iho lathe is 
oni<a;;e(l on heavy work. 

The Corr\pound Slide Rest. -'Wn-. is the eh'inciit 

th,U. s!i(h-s on lli“ ImmI of iht lallie, and in w'hii^h 
the eiiUin*.’ tool or tools an’ • enured. It consists 
«'f a, sadille or oarriai'e wfiicli is j*urinounted liy 
two slides, oo'* (the (•r()ss slide) nnmin^^ across 
Uie hc'l and tin oilier (the Lop shdi’) I'suall' at 
ri|.;!it Mi^des i>' fliis. In llie modern lathe, however, 
tfie fo|; slid ‘ IS airan^^’d on a rotating oi swivellinj; 
ha.-, and. h<‘ne(‘. is ca]).i,hle of occupying an\ jiosition 
ii".lined to thi’ axis of the lathe. The tool-])os( . r 
^r-n ]! .secuieil to tliis lop slide, fn some forms of 
the American 'allies which are randy s(*en on this 
side of the Aila.itic Ocean tli<‘ toj) sliih* is disjienKed 
with, all lon^HtuiUna! iravei.-^m^ or slidiii'^ heinj; 
obtained hy moMm; thi’ i’litire resi on tlie hed. 

Fn hieh-j'rade en; 4 ifj<‘ hithes with full equijmient, 
there are thive automatic or S!'lf-jy:;tin^^ shde-rest 
feeds, two of •llies” h’hi;; I'oi’ plain lon^fitiidinal 
traxersin^Mknown as sliilin^O aitl plain transverse 
or cross-lraversin^ (kiiown^as surfacin;^), and the 
other for threading; or scw’W-euUin*^. 

The. .two former jiower IVied'^ are derived from 
either a hack feed-shaft (as in some J-lrt^dish types, of 
wliich Selson lathe i‘i’pri«senied in* Fig. 24 is a 
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Sood (sample) or a front feed-rod (as in all American 



lathes and ^many modern Knglish lathes, such as 
the one shown in Fig/25). 


Fio. 24.—Gap lathe with back feed-shaft. 
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The liitkii' fonu thr-oiigh what is iiaiiivlly 



termed the slide-rest fe^d-aproii, whicli carries all 
the gear wheels between the feed-rod and the slide 


Fig. 25.—Gap lathe with front feed-rod. 





feed-scri'WK, whilst Iho other passes through an 
extension at the hack of the slide-rost. 

The threading or serew-cultiiif' feed is derived 
from a master scnew, whieh is known vai'ionsly as 
the lead, Icadiiif', or K'lide screyv. In some lathes, 
this scri'w is also used to ti'ansmit the jiowei’ for the 
sliding and surfacinj,' feeds, i)ut this, if the thiead 
of till! sert!\v is made use of, is distinctly had practice, 
since it increases the rale of wear of the thread 
excessively, and rffnders the screw moi'e iir less use¬ 
less for accurate screw-cuttine. Where, however, 
the thread of the screw is not used, hut a sjiline or 
loue keyway in the screw, the cftecl is not ijuilo so 
inimical to the production of stood and accurate 
work; this uotwitlistaudin},’, the, separation of the 
lead screw and feed-i'od is prcfenihle. 

The motion for slidine from the sjilined back-shaft, 
feed-rod, or lead screw is transmitted throutth cither 
a worm and worm-wheel or a bevel pinion and 
wheel, the worm or the jiinion heiue mounted on the 
feed-rod or shaft, and connected thereto hy means 
of a key wliich fits in the sjilinc in such a way that 
the only relative motion Ixjtween the worm or 
pinion and the I'od is an axial one. Thus the worm 
or jiiuion is allowed to slide on the rod or shaft hut 
vuisi rotate id'll it,. Another method involves the 
use of a feather key i n the rod or sTiaft and a key¬ 
way in the worui’or pinion. Kpiral or screw gears 
have al,so been used in place of the worm*and beVcl 
gears for the puriiose of changing 4lie axial direction 
of the rotating parts, hut their use has not been an 
unqualified success. 

When the bevel gear device is employed it is 
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possihh*, l)v t\\<‘ pinions ri'i-ii-ns and jdacin^^ 

ibc wbnci l)c{\\<rn ihnrn, to obtain a r*" < rsal of tho 
diiection of in<Hioti of Ifin siiiln-rcsi ^jintn simply. 
As a naittni- of facd, dns <lt-vion n usiuillv dnsl^nicd 
lo ^n\t‘ tbn two diivclions of motion. 

P’roni the worm-wbcnl oi b‘V oI-wIkci tbr motion 

arid jHAN’or am ti’;insmitt(‘d tbrou\b s]mr-^(*ar wlu'ols 

and biolioii cluUbns (wbudi am manipiiiatnd from 

tilt* front of tlu- sb(b-mst ordinarilA) to tlr rark- 
• ' ' 

pinion, >\i|ncli mnsbin^^ wifb ibe lack on tlm under¬ 
side of ibt* fiont sbnar of th<' lied, e,:uises Uie slide- 
rest to be traversi'd on the bed. Additional j^t'ar 
wheels terminate in a jiinion whieb i^ mounted on the 
cross-sJid« le/d-screw, ;ind whicli imparts motion to 
the s< r.wv, and tlienee to tbe slid('. 

Tbe slide ,est is moved alon;n the bed In hand 
frop! ,i handle o)- hand-wlieel, wliicb is eonnected to 
tb raek-p’nion Ibrou^jb sjmr j(<*arm«;. 

Tlif> connexion lietwi'en tlie k'ad-screw and ilio 
F’ide •est is, m tlie ordinary casi' a nut sjilit into 
halves, \vbi<'b an* constiained, by means of a 
handle, Kwer, oi knob on Uk; fiont of tbe saddle 
apron, to mov«‘ ..o\vai-ds or away from tbe screw m 
a (liiection at light angles lo its exis. Th(‘se sinnil- 
tanenus translator} motions of tJie mvo halves of the 
clasp nut (as d is called) ari' derived ft-oin the rotatory 
niovem- nt of the controUing element in at least thrife. 
ways on ordinary lathes, these bisiig as follows;— 

1. J5y tlie use of a ])in in each half n«t fitting 
into eecentne i.Iots in tht^ plate aUaclied to'lhe con- 
tiollin^ I'lement. 

2. JJy the use of twg pins in tht»^coiitrol plate 
and an eccentric slot in each halt nut. 
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3. By the use of citliVi’ of the nbovo arranj'oments, 
blit willi the sulistitiition of straif'ht parallel slots 
for the eccentric ones. 

The position of the lead-screw is usually in front 
of the bed of the. lathe. Thei’e, are, however, two 
notable exceptions to this jiractice in the case of the 
Whitworth lathe (Kiif^hsh) and in the case of the 
Seller’s lathe. (American), fn each of these cases the 
screw is placed lietween the cheeks or ffirder 
sections of the beJ; in the former, so a*- to apply 
the propulsive force as neaily underneath the. re¬ 
sistance as possible: and, in the latter, to protect the 
screw as muclt as possible. In the Keller’s lathe 
the clasp nut, which embraces only aliout one-third 
of the circumference of the lead-screw, is disposed 
in a recess just under the inside of the back shear. 

. The section or profile of the thread of the b'ad- 
screw is, in the majoi'itv of eases, S(|uai'e, the forms 
which provide the e\ce))tions beinif the buttress and 
Acme forms of screw -thread. 

When the lead-screw, feed-rod, or back-shaft is 
very loiif; it is usually iirovided with at least one 
intermediate support, which has to be of the. tumbling- 
bracket type, such as is represented in Fig. 26. 

Feed-change Arrangemenls.— The power drive 
front the maim s))indle of the driving headstock is 
obtainable in at least fou,v different* ways. These 
are:— 

,1. By belt, with or wAthout spur gearing; 

2. By spur gearing only, 

3. By chjiin and sprocket gearjng, with spur 
gearing. 

4. By spur and bevel or worm gearing. 
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The lathe i)Iusti'att!(l in Ki<(. 21 is efinipped with 
a Vyitred hel; fpcd drive. Two simiH .ine-pidlcya 
are jtrovided as shown, one lioin^ couiicetcd l)y spui’- 
pcariuH to the drivijift spindlii, and the otliei'hy s|iur- 
f'eviring ta the, hilek-shaft. The. latiei- pidley is 
jilaC'd helow the hack-shaft so as to admit of a. eoni- 
paratively loii” helt hi'iiif; used, i'eed ehanecs are 
ellee.ted hy the movement of tlie lii'lt hetw'M- the 
two cone-pnlleys from one pair ijj' steps oi diai"eters 



Fill. 21).—l eail-Bciw or tccil roil tuuibliiiK bracket, 
to another pair. Since there are tin .-e pairs of steps, 

there are throe slidin;; feeds availahh?. '• 

• ^ 

Tl)p second type of drive is illustrated in Fig. 25. 
In this ^case the connexion tietween the main 
spindle of the driving headstock and the «feed-»od 
consists entirely of spur-gearing. .The drive is from 
a smalk spur-gear wheel known a*s thci first change 
pinion on the driving spindle, througlf^mall wheels 
on the cluster or reversing plate, inside the head- 




stock iuid ('xt(!niii,l f'cai' wheels, to the chiitif'e-feed 
Hear hox, anil IVoiii tlieiice to the feeil-nal. 

The c.hister or reversine jilale (which is used to 
reverse the direction of motion of either the feed- 
rod or hack-shaft or lead-srrea) is, in Knjitlisli 
lathes, very f're(jiietitl_\ jihteed outside the head- 
stock, whei'eas in nearly all \ineiiean lalhes in 
whicli such a snnjile deMce is used it is disposed 
inside the headslock. as is indicated nii 1‘^ip. ilh. 

The |iriiicijili' of aclion of a chanee-fei'd .eeai hox 
is eilher lhal of llv sliding ke\ or tliat of the shdine 
pear. Where not niore than three leeds are re(|nired, 
eithei- )irniciple iiia) he ajiiihed, lint wheie more 
feeds than three aie necessary, it is onix the sliding- 
key principle which is ap|ilicahle. With this dexice 
as many as six or eieht feeds aie olitaiiiahle. 

The shdin,p-eear device einhodies the use of tl ree 
pairs of spin pear xxlieels of diirercnl ratios. Three 
of the six xvheels are inoiinted ripidly on one shaft 
(in soiiie cases the hack-shaft, or feed-iod) aiijl the 
other three (that is, the niatiiip or nieshinp xx’heels) 
are keyed topether and arranped as a xxhole. so that 
they can slide on, hut rotate xvilh, the shaft which 
carries thein. There are threp positions for these 
xvheels, so that only.one |iair of xvheels are in mesh 
at any one time. The chief defect of this device 
(apart frotn the linijtalion df its rn,npe of iisefiil.ness) 
is that the pear xvheels which have either the highest 
or the I'oxvesl ratio are situated hetxveeii the other 
piairs, xvilh the re.oilt tliat- fhere is not a miiform 
progression flora olieextrerue ]iosition of thedhiitrol- 
linp handle td the othej'. 

In an, improved design of change-feed gear liox, 
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workln*; on i.lic slidin^-^^uar j)rinci|)l(‘, tho middln 
w!R'(d is arran.i'od t.o 'onii '’i oacli of 
the otlier two ])y means of a do^ (dutch to th({ shaft 
whicl; su]>))orts tlinn. In siudi a (;av‘, tlu* f(*ods arc 
pnij^nissivc. 

In the sJi(.lin^^-lo*V device a’i the wfu’el? 5i.re in 
niesli toj^rtluT. This condition S(rurcd hy ;u’- 
raiuine the two sets of wheels in tlie loi'in of c(>Mes. 
Tin* wheels on oik; shaft are ke\ed ri‘ndlv ' it, 
whilst ihosf* on the otlu'r aie arranged so that they 
(;an. when necjfssar), lotate <jinte freedy on it. 'Hie 
connexion ii. th* latter case hiLWeen the shaft and 
an\ oi'i of the wheels is obtained thfou^dj the use of 
akey whudi so d(‘si^med that it ('.an he slid aloii^^ 
inside liie sliaft (which is, of coui’se, ‘'oMow';, a 
spring hehiml the key forcinj^ it into the koyway in 
the ’xheel Thus, tfie power is transmitted fioin the 
ke* .draft, tie eu^h the key and xvIkh-I in which the k'‘y 
IS placed to ilje w’heel which is in mesh with this 
w .eel, and from tlu'uce to tlie fe(‘(l.r vl or liack-shaft. 
In such a ease -U tiu' wliccla on the fecd-tod or l)iick- 
sliafL rotate at r.hc same antjulii i Hjx'ed, hot those on the 
other shaft have .uif'ular speeds which diipend upon 
tile res])ective "ear ratios. Oliannes of feed are ef¬ 
fected liy movements of tiie slidinn-l ey in the hollow 
siiaft, these heiiif,’ made hy ineanK of an ext'jrnal 
lever, 1 i ..ome forms <rf this device the loose "ear 
wl.eels are recessed on eacli s^de to take, the key 
when it is desired to disconnect all the wh«els fijim 
the shaft, and .ilso to facilitate tlje insertion of the 
key in«any wheel. 

Modilications and coiyb'nationii ofVlie above de¬ 
vices hav.., from time to tune, been made. The 



Ilcndcy-Norton ctianf'K-fced’fjofir lox (in which a 
raii^c of at least twelve feeds may he cmhoditsd) fs a 
slidinfj-gear mechanism, Tt consists of a cone of 
spur-Kear wheels mounted on thi^ feerl-rod, and in 
mesh with any one of thesis a sKdinfj jiiivon may he 
put. ,\n intermediate or idlei' near wheel mounted 
in atnmhier or tumhiinn hraeket is, howi'ver, an ah- 
solutely necessary elenienl. ,\ccom)ianyinn this do- 
vice there is a lx;vel-near reversiiin mechanism in 
place of the ordinary s]inr-near device., In‘ the Lodne 
and Shipley lathe the Ifendey-Noiton device iscom- 
hined with an additional tuinhlin}' and slidinn-f,’car 
device which comhination augments the numher of 
availahle feeds considerahly. In the Spriiinlield 
mechanism--a S])j'innlield lathe, is shown in Fin. 
39—the channe-near wheels arc arranged in a 
circular casinn which is jiivoted at its centre. The 
wheels, which arc eipht in nnniher, are of different 
diameters, and any one of them may he hrotijrlit op¬ 
posite the end of the lead-screw or feed-rod, a,tele¬ 
scopic extension of which is then caused to enter 
the hole in the boss of the wheel. The connexion 
is completed hy the movement of a tnmhlinf'-gear 
wheel which is put into mesh with the active wheel 
on the screw or rod, 

Thh chain and sprocket drive, is not,often adopted, 
hut where, il> is applied lo.ed'-chanf'es are effected hy 
means of f'earinj' in one of the ways .descrihed 
abetve. 

In at least one make of lathe a friction-disk drive 
is found, the dijvice’ consisting of two slightly frapered 
wheels which/iit iii an, adjustahle two-part conical 
pulley. .The two parts of the pulley are pressed to- 
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wardn one miotfior I)y a I'Vi'd-idisinucs avp 

uffutitc’d liv iiinvlii;' tlip adjusliiibk'm ii'“j as to alter 
the diameters at wliieli the two v.’heels work. This 
aelioij aHei s the ralio ol their mean jieripheial speeds 
and, theref(jre, their-aiit'iilar speeds. 

It will have heeii ohserved already that t!ie, above, 
devices ttaiy he divided into hvo classes, viz. those, 
ill which slip is ])ossihle, and those m which it is 
not possible. To the, I'ornier class lieloii;; all ...ives 
which incitide a friction ehmient, such as the licit 
drive and the friction-disk drive. To the latter class 
all the reiiia-liuh r heloiie. 



Pe . ‘t7.—Slide-rest safety ehileh. 

Friction devices act as safety motions and protect 
the pear wheels in the various jiarts hetween the 
main spindle and Ihe.^rack from destruction, should 
anythinp happen to the slide-rest to obstruct its 
motion siieh as, for example, excess+vc cross-wind- 
inp apd tlidc-lockinp, or an alinormal amount of ro- 
sisrance at the enttinp cdpe of the tool; the protec¬ 
tion is secured throtiph thc’slijipiiip of th(»lielt,or 
friction disks. ‘ , . 

In ])tisitivu and non-slip drives it ii^advfsable to 
introduce a safety clutch,..one forns of ivhich is indi¬ 
cated in Fig. 27. This consists of a sharp-angled 




toolli filiikih, the two parts of whieli iirt' held in et\- 
ffieement by a strori" helical spiini;. When then- 
snltant axial force on the teeth of tile ehileh exet'eds 
the conijircKsive foiee of the spriiie the chiUih ^slips, 
this slip sto]i]iinp the motion of .the sliihyrest. Ad¬ 
justment, of the spiine.com])ressioii ir. possible, so 
that the eluteh may he set to act when the resultant 
axial force exceeds an\ ainoiini. 

Where there is no safelt oi .sh|i motion there is 
always the fear that one or more of the tear wheels 
will he destroyed sooner or later, es))eeia.lly in the 
ettso of larue lathes. .\nd even whei'c a safel.v 
tooth-clutch is III service, if it is set up too hieh, 
there is the same fear, ihoiii^h t.o a less def^ree. 
This, of course, oiilv applies in those eases where 
there is no clutch in the saddle or feed-aproii. 

Thread-change Arrangements. -To ohtaiu the 

conditions reipiired for the ]iiiidiielion or formation 
of screw threads of different pitches, it is necessary 
to alter the ratio of all the peariiif' lietween the niaiii 
spindle of the drivin}£ heiulslnck and the lead-screw. 
The oeariiif' is iiearlv always of the sjim-f;ear lyjie, 
with the occasional iisn of hevel-uearine. In one or 
two cases, however, chain pearine is einjiloyed, hut 
its oeiieral use is not to he commended. 

Tti're are at 'least three methods of effectiiif’ these 
changes in general use. The lirst method iii-^olves 
the use of external chiuige-gear wheels which arc 
mauntci! on a swivelling (piadiant plate and so 
arranged that the yecpiired I'litio may he made in one 
step or twn,; that is to say, either single or 
compound gixiring may he oiriployi'd. This is the 
original method, and still finds favour in some 
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qnariiM'S iil tlii‘ jjrt'scnt thiic. On lur;''.' .llics it is 
emptoyi'd alinc^i txdiisivniy. 

Till! sikioikI iiii'lhiicl iiivolvi's thi' coniliiiialioM of 
extiTiii,'! t‘liiiii"i'-t\lu‘i'l ^cai'iiif; anil inti'rniil <;i'aring 
in a p-ar lio:^ In tins casn a wliolf l■an;^l■ of scrnw- 
thmai’ pilclii's is covi'ivil liy tin inci'c niovi'i.ii'iil of 
till' t;i‘ar-lio\ lianilln, anil tlir ninnlM'i' of ran^'i's 
possilili' ili‘|ii‘n<ls 11)1011 llir nniiilK'r of f'lii -i'lio 
(ihannos jiossililr willi tliii I'xlii'i'inil wlliinls. t'lin 
work of lioiiTin^' out tin' l•han);e-n|■al■ whnnis riqiiiri'd 
III any iias<' is nonsiiipralily loss nilli lliis siiuoiiil 
inntlioil than \v,li tlin liisl. fn facil, vi’in oflnn 
whi'iv 111 !' si'iMiiil inntlioil is ailofik'il, no fi),'niiii" out 
III (ia|i"ilatio:i of iinv kiinl is ri‘i]iiiri‘il, as talili's 
(tivini; till' scrnw -thivail jiilolins ninlnr lli, various 
“(lossilili! conilit '.ins am siijijilii-il wilti llic iiia<ihini‘s. 

As* an i'.iilicaiion of tin- jiossiliilitins of this 
ii-' ''Oif, alti'iilioii may lip ilirpiitpil to Talilo T in tl.p 
A|i)Hin<Ii\, wii'i-li fiivi’S till! total iniinlipr of scircw- 
llll|■ac^ pitches ohlainahlp hy conihnhnf^ the llemley- 
Nortori chantri 'ar hox with external opiir vvlieels 
havitif'the follinvin;; niinihor of teeth: '12, HT. OH, 
(ill, Ml anil Ids. This is an exee|itioiial case, it is 
true, since iilft jiitches are ohtainaiile, whereas with 
the ordinary eiiuipment of external f;ear wheels ('12, 
69, and lC‘t) only 84 pitches are ohta'.nahle, 

JnJhe .hii'd method er.ternal change-wheel gear¬ 
ing IS dispensed with eiitiridy, and all gear changes 
are mechanical through the mediiini of ha.’.dles or 
levers. This iilethod involves the use of two gear 
boxes, • Usually--as also in the case »f the second 
method—the change-feed.gear hox 4s ut^lixed. From 
40 to 50 different Jiitches, ranging from .J inch to 
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incli iii-c (>cncni,lly obtiiinnOlc w}u;ii this nu’th(Ml is 
iijipliod. Tills inotliod is npjiliod in tlio ciisn of Ihu 
riodgi! luid Sliiplcy luul Spi'innfiold lalhos, lint in 
two distiiKitivTly ddferi'iit wa\s. 

Methods of Holding the Tool. T.heni are, in 

f'cnoral, two nidtliods ol' Kriiipiitfi or holding the tool 
in the top slide ol the slide-vest. ll’h(‘sc are thi* 
eliun])ine-|,|;it|, tool-]iosl methods. The fonner 


is essentially' hiit^jish, whilst the latter is essentially 
American. '• 

In the elampme.plate method, which is indicated 
in tOg. 28, nsually two plates are em|iloyed, though 
in some cases (especially 



as the shank 
horizontal. 


where the service is light) 
only one of these is put 
into commission. In this 
figure T representt the 
tool, and CC the two 
dandling plates. These 
plates are normall.v dis¬ 
posed so as to he parallel 
to the axis of the top- 
slide screw, hut it is 
possible in many cases 
to jilace them in posi¬ 
tions at right angles to 
«these. The plateij. rest 
on the tool, and also on 
a packing piece or block 
' 1’ which is, preferably, of 
exactly the saind' depth 


the tool; the clamping plates are then 
The undersides of the plates are usually 
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ridnoil or siligliUy coi i'ii},'»t('d so'aK to ;)vog(*!it ii mori! 
or l(}ss root,'}' gi.rfaci' to llie sliaiik of tlio ool, Tlio 
platoK tlipiiisolvos iiro hfild down on llin tool liy nnts 
as shown, thn nnts hciiif^ scrnwed on studs or holts, 
tho shanks of which.pass thronrh the holes in the 
jrlates 'I’he stnds or holts slion'd he ))i'cvent< d from 
turning in the base, eitlier hy the provision of a 
screw, a pin key, a snue, or a sipiare liead or sliank. 
The method illustrated in the fienre is amongs the 
host, as it Miiahles the holt to he*n'moved without 
any dillicnltv and yet prevents the bolt from being 
turned round should the nut stick on it. The 
iut-“eats on itie plates should he spiierical prefer¬ 
ably, so as to allow for any .slight obliquity of either 
the plates or ttie Ixilts. Whe.re the iilates are very 
J'.oavy las they arc on large lathes) helical springs 
are Hjisd under the plates to |ireveiit them from 
dron.'ing on 'o the base on the removal of the took 
Tins provisioe reduces the amount of labour which 
is 1 ’Vnl'.ed in rejilaoing the tool. 

In some deshms the clamping jilales are pliujed 
over teo-lieaded nolts the heads of which fit in tee- 
slots which are ar.angod across the top slide. 'J'his 
method is not, however, as good as the aliove, men¬ 
tioned. ' 

The tool-post method is indicated in-Fig. 29. -The 
post which h-is a tee shap(jd base fits in a tee-slot in 
the 'op slide of the slide-rest. TBe tool is placed in 
a vertical elongated slot, anrf is secured in jositiqn 
by oite screw, ns. shown, the tighicning-down. of the 
tool bci«g accompanied hy a nipping-np|Of the tool- 
post base in the tee-slot. ^Thc tool.hai however, to 
rest on either the top of the sli8e or on some form of 
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paoking which is not viyitlly coiinectwl to the tool- 

The chief (|iiii,lity whicii is chiiined for the tool- 

J )iost is its exteiisivf! ad- 
justahility. ^ Usually, it 
IS [lossihle to move the 
tool-post from one side 
of the lop-slide to the 
other, and also to swiiif; 
' H the tool ti’iroutth any 

I-' aiif'le. lAirlher, hidf'ht 

or vertical adjustments 
are invariahly easily and 
expeditiously made. 

In connexion with the 
clam])ing-platc method 
ad jiistinents of the.heiftht 
Fjii. ail.— 'Iciol-jiohl.. yi' cunjijj, of th,. 

tool arc elTected hy means of ftackin;' of vai-ious 
thicknesses, and this. In the, majority of cases, is the 
only way jiossihle. 

With the tool-post method, however, this is only 
one of the many ways availahle. In FiK- 29 the 
tool-fiost is shown jirovidcd with two wedge-shaped 
strijis which fit in the vertical slot in the body of 
thf) tool-post i.-nmedialely beneath the tool. The con¬ 
tact surfaces of the two, strips are' grooved or ser¬ 
rated, and height-adjustments are made hy merely 
rnoving one strip on the other and thus altering the 
positions of the serralioiis on the. two strips with 
resfiect to ^ each other. Jn Fig. 30 some other 
methods wh,'ch are in more or less common use are 
illustrated. The methods shown at A and B are 
80 i:pp^nat similar. In each case a ring or thick 
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washer, which surroutig'^ ilie‘body of tlio posti, is 
iisiij, llie first concave, aiul the secor',! convex. 

On cacli w.ishcr r( -.is a shoe, n'hieh is curved in the 
opposit'’ \va} 10 ilie \v:i,sl er, so tliat ir, the liist case 
it can move in the Wjisher alK)Ut the cenin* of curva¬ 
ture, and in the second case nn llie washei' above the 
ceiil'v of curvauire, fn (‘ach of these two cases it will 
he obseived tliat an idjustmenl i>l' liei^dit is oi)tain»'d 
by tihiine th( t(/ol, .i.n o])erat.ioH whitdi alters its \ " -k 
iijg anj^les. • A sti]>petl waslnu' is sTioan at C. lour 
pairsofsiepsareii.-^ually })jovided, tlu-eleriKnitsol'each 
j)air h“ing plji-c-d d»amelricall\ epj,osile out anoth<*r. 



abode 
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Fi(i. UO.—T‘)ol^)()st waHlus-K iiikI wislges. 

Delicate hei«fi'*-a(ljiistinonrs are not* ohtainahl^i by 
this means. *Vi D ta}wre(l washers are shown. 
Height-!’.ijnstments are scoured 1)^* sliding the upper 
washer tip or down the lowi^r one. The .contact 
surfaces art^ sometime.s Ifft smooth and sometimes 
serrated; when tiujy art^ serrated theorist? of the 
upper washer sliijping down thcJow45r one under 
the influi net^ of the jirossiire (jxerted by the holding- 




04 


I.A'I'TTKS 


down screw on the tool is reduced to a iiegli^ihlc 
amount. Riiif's or washers of difierciit thicknesses 
are sometimes emidoved, as stiown at K. In this 
case, however, heif'ht-adjiislments cannot lie made 
very expeditiously. The method sliown at 1*' is simi¬ 
lar to that shown in Fie. og^ though in this cas(‘ the 
contact surfaces are quite suiootli. .\t (i another 
form of stepped wasliei' is shown. The skips are 
not used, liowever, to suppoit tlie tool lint to provide 
a slightly inclini'ii seat for the tool, the, height of the 
cutting edge of the tool lieing adjusksl hv sliding the 
tool up or down on thii edges of the ste])s. The 
princijile of the method shown at H is pi'eoisely the, 
same as this, though in this casii two grooved tajie.red 
packing pieces are. used, this ai’i’angeinent jnoviding 
for normal contact hetween the end of the holding- 
down screw and the uppi:r pieiie. The height of the 
cutting edge of the tool is altered, when either of the 
devices shown at I and ,1 is adopted, hy moving the 
tool in a direction at right angles to its length. The 
method shown at J involves the use of a round nut 
and short flanged screw. In the other case, also, 
these two elements are used, hut they are revemed, 
the tool resting on the screw in the first case, and 
on the nut in the second. Tne screw-thread should 
be of square or huttress section. 

An unusual form of tool i post is indicated in Fig. 
31. The upper face of the base is curved and fits 
against a corresjiondingly curved surface of a washer 
ill the tec-slot of the top-<slidu. The tool rests on a 
washer’or ring which surrounds the tool-past body, 
the undersidh of this washer or ring being internally 
curved and fitting aghiust the externally curved sur- 
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fact! of iiiiotluT Wiishoi* or I'iii". Tf.c curved 
BumcHH have ■'•imuuoii centre, so luiit 1;.” l,()ol-j)Ost 
as II wliole Oiiii he srMinjr about this centre Ihroiieh 
a stng,ll au.ele out of tlie vertical. IleiHht-adjiist- 
lueiits are <nad(' (lavll) hy swinj'iiie lUe tool-jiost 
over, and j)a.rtly hy adjustiiif’ the position of tlic 
tool in the, post. 

In Inn. .'jii is i’eiiresented the Homan riip l. o'- 



Eifi. at.—Tool-post. Flo. a*J.— Human tnol-pust. 

post. This is a tool-post, of an almost universal 
character, ft consists of a flaiified, Slotted riu^ 15, 
an ec^ent'ic hush C, and the tool-post proper D. 
The rinf; B is mounted on ^the top slide A and 
secured thereto *)y means of a couple of bofts and 
nuts. The heads of the bSlts lit iu an annular tee- 
slot, and iu the neck of the slot a tongvl(*or ward on 
the underside of the flange of B fits, ^ence, B is 

capable ot heiiig rotated through a complete revolu- 

r. "N- 
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tiou, if ii(«(>ssiii'y. Thi' flan'titl sli‘(!vi‘ (J fits in thn 
riii;,' li, and is held tlieieiii liy a screw G, which is 
jilaced in the two jiaiis of a sjilit In;,' on the side of 
B. 'I’h(‘ j)osition of the llanee of G is altered hy 
serewiii.e the eletaline screw !<’ in or out of the 
flan;,'e. The end of this scuiw shonld he reduced in 
diameter, as shown, and pivferahly hardened. The 
tool rests Oil the tlanee of ('and in the slot in the 
))ost 1). It is held down hy thi' screw M, which 
also di'aws the tee’d end of the jiost into' a recess in 
the underside of G. The vertical axes of the jiost, 
1), the hush, G, and the rinK. B, are ordinarily non- 
coincideid, so that thi'ee dillei'ent niovements are 
ini])ai'ted to the tool hy tuinin;,' ]i on the top slide, 
hy turnine G in li, and h) luoviuK J) in G. By 
tuniin;' G tln'on;;h IdO" it is possible to ciuise the 
axes of Ji anil 1) to coincide. Ileipht-adjusli.ients 
are made hy inanijnilatinK the screw B when the Ing- 
screw (i is slack. 

A dusi;'u of tool p'rip which is intermediate to both 
the Enplish and American desi;;ns is represented in 
Big. 83. In one form or another it is generally 
found on lathes of German design and occasionally 
on English and American lathes. It consists of a 
heavy swivelling clamping head with a vertical axis, 
a Vertical stuu, which is secured in the tO)) slide, 
passing through the centi.'; of the boss of the head 
and terminating iii a nut and washer which rest on 
the upiST surface of the head. A horizontal piece 
projects from the boss, and in this two holding-down 
screws are -placed, these screws pressing down on 
the shank of the tool. Adjustments in a horizontal 
direction are effected liy swinging the head round 




Flii. 33.—TooI.diim[i? Fill. .34. Diipli'x tiHil-Kiip. 


This IS 11 (liiphx [oiiii of "I'iii, siucc it luli.iits^jf a, 
tool Ijehip sc(!iiri.'ii in two Jillini'iit ways. It iioiisists 
of 1 '. claiiipinj' plate, which is iiiouiiteil on a ceutral 
pillar ill siich a way that tlie plate is capahh; »f heinf; 
swuiiH through acoiiipletifrevolutiun and held in any 
position^ by a iint which is screwed oi* the pillar. 
Two screws arc eiiiployed, to hold.the^ool, and an¬ 
other is us.id on the opposite side of the pillar to 
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take the place of paekinf; oi; blocks under the plate 
to keep it horizontal. The pillar is provided wi(h a 
vertical slot, as shown, in which a tool may he placed, 
a screw in the centre of the ])illar actinp as the hold- 
in)'-down screw. The two Ki'l's am (piite inde- 
peud(‘nt. 

■Another form in which two holdiiif'-down sci'ews 
are used is the one which is frispientl) found on lathes 
designed tor machinin'' crank ))ins and wehs. This 
form has to be comparatively narrow sc that it can 
he fed in between the crank wehs without inlrodncinf> 
any ohsliuction. The to}i of the slide, which is usu¬ 
ally consideial/ly elevated above the slide feed-screw, 
is, thiu'efore, provided with two dovetailed slots in 
which fit the ends of two inverted U straps. Hach 
strap carries one, of the holdiiij'-down screws, and it 
is so designed that it can he moved aloii}' the,slots 
to allow for variations in the bmpths of the tools. 

Some Engine-lathe Design Data. —The follow- 
inp data re.preseut average engine-lathe piactice, and 
do not covei’ abnormal or special cases, such as, for 
exam))le, lathes with extra long beds. The height 
of the centres above the shears of the bed, measured 
in inches, is taketi as the basis, and all the other 
dimensions are given in terms of this dimension, 
whiiih is represented by II in the following formula:. 
These formula! give goncfally the limits of the re¬ 
spective dimensions. In addition the following 
letters rire used and have the given meanings: D = 
diametor, in inches; n = number of.threads per inch. 

Lengili «X bed = (H ± 1) feet. 

Breadth o^bed^^- 1'5 x (11 ± 1) inches. 

Depth of bed = (H ± 1) inches. 
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Cirealent dittama helfmm the cuiilru -■ (* x (II ± 
* J) inchch. 

(rreatent diameter or Hirintj orei the saddle - J ■2;j 
fJI ± I) inches. 

Total irei(jlU of lathe ^ (H + 4) x 6(l0 II). 

Lhnjest eone-pnlleii diameter - I'20 x (H ± 2) 
iuche.s. 

Width of eoue-jiiiUeii steps .= 0'2o x (I1±J) nclvs. 
liatio of widths of hack ijcars to O’OO (nver- 

—*0'80). 

Hallo of pilches of hai-L ijears = O-GO to 0'87;) 

(avoi'iiyc - 0'7it). ^ 

'laper of joiiriiat-ueck cones = 1:6 to 1 : 3. 

Inal lied ivnjle of joii.rnal-nerk cones = 10' to 20°. 
J Ha-meter of iwse of spindle - 0-3 x (H ± i) inches. 
Threads -per iia h on spiiulte-nose ■- O'o (20 - H). 
Mandrel screw of loose headslock :— 

1) = (t'lG (JI ± l) for internal maiukel screw. 

1) =■ 0’2r) (JI ± l)for ejcternal mandrel scretv. 

. 40 

“ (lf± )■ 

Diameter of -mandrel of h ,e headslock = 0'2o (II 
J) inches. 

Diameter of oaek-sluift or feed-rod ■- 0’13 + (H + 

2) inches. 

Lead .scum D = 0 2 x (H ± 1). * 

• « = o-a (!22 - H). 

Dr-ivinijcheadstiiek spindle^speeds .—The uaximtim 
and minimui'i spindle sjjeods are selected ’so tISat 
the surface speeds on the largest add smallesit diame¬ 
ters of work which can he dealt with ai? reasonable, 
though the definitions df a jreasdnablt speed vary 
considerably. The maximum speed, in r‘;ys. per 
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min., - 000 - (10 to 10) ]I; Tlio minimum spood 
- 00 - (1-0 to 1-0) H. 

Cduniemliafl. .speed.—Tliiw varies from 80 to 250 
r.p.m. for single sneeds. tlie liij'her values -')(>ing 
adopted in tlie oase of the smaller macldr es. 'When 
there ai’e 2 countershaft speeds, thi‘ latio between 
the two lies between 2 and 0, and the lower speed 
lies between 100 and 150 r.]).ni. This s])eed ratio 
is an intrijisic ele.ment in the design of the speed 
arrangements of the lathe. The ])i'odue.t of the 
height of theeenti'es, in imdies, a.nd the e-ountei-shaft 
Sliced, in r.p.m., varies from 840 to 1400. 

//er.sr-piiHV)/' /ri/if/red.-- This is approximately 
ecpial to O'O x (11 + 1) for earhon-steel lathes; to 
I'O X (II ± 1 )forintermediateoreompromiselathes; 
and to 2'0 X (II ± I) for high-R)ieed-steel lathes. 
These formuhe represent the gross hoi'se-po'wers 
required In ordinary practice, and will sei've to de¬ 
termine the maximum gi'oss horse-power likely to he 
lequii'ed in any average case. 

Treadle or Foot Lathes. —Whei'e mechanical 
or electrical power is not available for the driving of 
lathes, the treadle or tool motion has to he used. 
The princijile of action of this motion is that of the 
crank and connecting-rod, the oscillatoiy motion of 
the treadle or pedal la-ing converted, into the rota¬ 
tory motion of ^le crariK and driving wheel or 
wheels. 

'The treadle may consist of a long foot-hoard (as 
in the. cps'! of the Drummond lathe, Fig. 35) or a 
narrow pedM, pivoted about the. axis of a shaft 
pirallel to Uie la'uhe and situated at the base and 
back of the lathe standards. The former arrange- 
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incnt of IJic two is tli»; licUo], :i,s its use (loos not 
(.■iiUiil stivtcliiiii,' und sLiaiiiiii'' on tlio nart of iho 
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36 and 37). When only one bearing is used, the 
crank is of the overhnng U'i«! (eithec inside, or 
outside), whilst, in the other ease, either eccentrics 
(Fig. 36) or bent cranks (Fig. 37) are avaijahle. 
Wlien the. shaft extends from ,end to t;nd of the 
lathe, and a treadle lioavd is used, two cranks or 
eccentrics are employed. 



.’Mi.—Eoot or treadle lathe. 

Till* forms of connexion between _thc treadle or 
(redal and the ciank or eccetitric are in eomtnoiwise. 
Those are: (a) the rigid petal rod (Fig, 35); (h) the 
flexible endless chain (Figs. 36 and 37); and (c) the 
flexible endless belt. Ily mbaiis of any one of these 
the two direelfons of rotation are obtainable. ‘ 

To connect *1,110 «'jrank oii eccentric shaft to the 
main spindle of the driving headstock, a belt ig 
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used, the section of this Ixiiiif,' either cii'c.ilar (Figs. 
35 >'.iid 37) oj' l ectanguhiv (Fig. 3ti). 'I’l.,- former is 

only suitable for veiT light lathes. 

Lathe with Two Lead-screws, —This is shown 
in Fig. 38. , One of the screws is resiTved solely for 
screw-thrfiad cutting, whilst the other is jsed iu 



Kifl. 37.— Footj^r treadle lathe. 

place of a.splined feed-rod qf hack-shaft tor sliding. 
Each screw receives its motion from tile main 
spindle of the ‘driving fieadstoeb through Change- 
wheel jjearing and a short horizontal,;7hatt. Each 
screw is connected to th» latt,er hj imJ^ns of simple 
s^ur gearing, which is so arranged that eithra screw 
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may be disconnoctcd, Uu’ f'l'oecss of disconuec-ting 
involving only tlie sliding of a K)nir-g('av jiinion. • 



In special cases the two screws could be used for 


Fig. 38.—Enj^ine lathe vcith two lead •'Cvews 
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screw-thi-Oilil ciiWiiif;, the valiii,' of tltc I'alii', bciiif; 



enormously iucrciised if. ouo^ of the %ro\vs had a 

metric thread. 

1 
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An American Lathe,-— ‘Hucii a lathe is repre¬ 
sented ill Fifr 39. It is a SprinKfii'ld lathe and pos¬ 
sesses all the teatnres which are eharaetei'istic of 
American enpine lathes, The size of an American 
lathe is usual ly delined by the inapnijiide of tlie 
“swi Ilf’,” whilst that of an I'liif'lish lathe is defined 
by the value of the “ height of the centres”. The 
latter is, usually, very definite, the actual amount 
very rarely differing by more than j inch from the 
nominal amount. With the swing, hotvever, it is 
different. 

By the term *■ swing ” is meant the lumiinal 
diami'lcr of work that can he swung or 
rotated ore.r the shcarx of the bed. The actual 
maximum diameter of work that can be swung over 
the sheam is, however, invariably greater than this, 
the variation ranging from J inch to 2 inches, • I'fn 
the other hand, the maximum diameter of work that 
can be sw'ung over the saddle of the slide-rest is con¬ 
siderably less than the nominal swing. ^ 

As an approximate rule the swiiuj of a lathe may 
be taken as twice the height of the centres above the 
shears of the bed. 



CllAiTEK VI. 

TlUtllVVl' I-NTIIKS. 

Differences between Engine-Irftlie and Turret- 
lathe Methods. —Machinf-tdol practice f'eiicrally 
iiiav he sail] to enihracc twe systems which are 
cssi'iitially oillo'cot. Tlie llrst- and the older of 
the two - cove's the special production and inachin- 
nig oi jiarts m small quantities (I'respiently in units); 
, the other covers the more or loss rapid jiroduction 
andjnachining of pai ts in large ipiantities (sometimes 
in ihonsands) and is known as the lepctitive tnami- 
li.ctiiriiig system, 'J'he methods whicli are eiidiraiad 
h' one system are distinctively different fi-oni those 
whicR ai'o incleded in the other. 

Tlie irntial unforeiice hotween the two systems is 
to he found in the genoi'al airangement of the tools 
whicli are presented to the work and in the relation 
of these tools to onc'an jlher. In the first system 
each tool is secured in its holder and caused t^ per¬ 
form its work", after wh^h it is removed to make 
place fo'- the tool which is requirtjd for the perform¬ 
ance of the succeeding opeirition, and so on. This 
is ordiuai'y engine-lathe qiractice.^iu which one tool 
is hel^in the slide-rest at a tinn-, and rgnroved when 
it has done its work. In some cases, several tools 
in one o: more slide-rests art) used simultaneously, 
(77) 
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Imt (‘iicti iw siiititl)l(' foi' OIK' only and has 

to b(i l•ouK)V(‘d hnl'orc the iinxl, operation ('.an he (Oer- 
I’ornied on tlii! woik. WJici'e tlie work is of larg(‘ 
dimensions, or of intrieate design, this is tin; only 
method which is availahle. 

fn till! second system the tools which are re(|iiir(!d 
for the vaiions operations on a piece of work arc 
arranei'd with respect to each other in snch a 
manm'r that each tool, in tnin, is jn’esented to the 
work. In this case, therefore, a change nf oiteration 
does not involve an (t.rc/m/n/e lint onK a ckaiiiie of 
tools, itiis heinf< effected automatically oi, at least, 
nmchanically. • This is the fnndameiital principle of 
turret-lathe pi-actice, whicli covers the [troductioti of 
small )iarts—there is a hmit as to size—-on which 
several somewhat similai- or, at least, closely re- • 
lated operations hate to he ]«!rforined. t 

Where the nnmher of ]iarts is not ver\ larf;e, and 
where the nnndier of operations is also small, it may 
not always ]iay to use a turret lathe, hut in all other 
cases there is no com]>arison hetween the rates of 
])roditclioti of the two methods, since, in the case of 
the turret-lathe method, tln're is practically no tool- 
settinf; recptired after the initial settiiift-np. 

Principle of Turret-lathe.— The tools of a turret- 
lathnare held in a revohniK turret-head, which is so 
desit;ned that it is lockedk in position duriiijf the 
time that each tool’is at work. One form of tnrr(“t- 
hejid is.rejiresented in Pif;. -10. In this licad six 
different tools cap he. held, six lieiii),' the usual 
nnmher. ‘ Tfee head is mounted on a slide* which 
w'orks in f,mitles j,r]'anf;ed .in the n]iper part of a 
hollow saddle which rests on the lathe bed and 
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which c-aii ))<■ clainiMv down or ^ihlx^d in any 
posy^ion llit’ieon. Tim slide is moved to-'ind-fro by 
in(‘aiis of a. luuidle, lever, or hand-wheel. When a 
handle is used it is usna!l\ of the loin -luaned cajjstan 
type (the lathe then heinj^ Known as a capstan lathe), 
and it is mounted on a spindle that cairies at its 
inner end a jiinion. whicli is m v osh W’ith a rack 
on the underside of the sliile. Inside the saddle and 
undiirneath tfie slide the 1 atchet mdexinj^ tnd ' ck- 


4 



Fi«. —'I’urret slide and head. 


in^' mechanisms are pTovUed. l]su,.Ily, the index¬ 
ing and lockimr actions are ]ierformcd autom.itigally 
at the end of the return,stroke of the slide. In 
some ca'^ -s, however, the locking kas to ho p(!i‘fonnefl 
externally 1)y the ojieiulor of*the machine. 

. In the oj'diiiitry form ^>f tni-i-et, whicli is either 
cii'cnlai^or hexagonal in plan, the tools^are canied 
in holders wdiicli arc ))rovided with ci^iular shanks, 
these shanks being littej in 4ioles whdse axes are 
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normal to the axis of the turret and coincident with 
the lath(>-s|)indlc axis when in the workiiif' jjosi/.ion. 
The two commonest methods of securiiif' the shanks 
of the holders in position are indicated in h’ii's, 41 
and 42. The first method (Pif*. 41) which is the 
simpler of tlie two, is known as the "set-screw 
method,” since a ))lai]i se.l-screw or lap-holt is used, 
the lower end of the screw pressiiif; on the shank, 
which should, pi’efei ahl), he jirovided with a Hat, as 
shown. The end of the sci'ew is usually reduced in di¬ 
ameter below that of the hottoin of the thread, and 
also I'ilher hardened or case-hardimed. The second 




Pins. 41 and 42.—Methods of securing tool-holdcre in 
turret. • 

method itivolves the use of a hindiuf; bush, which 
is pressed downwards on the shank hy means of a 
set-screw which is screwed into the turret head. 
The shank in this case is not provided with a flat 
since the hushing is curved to suit the shank and 
merely pressed hard against it. 'This method does 
not produce a grijawhich is as strong as that Vhich 
is obtained by meaus'of the other method, but it 
has the advantage of not damaging_or marking the 
surface of the shrink. A variation of the ^second 
method involves the use of two bushings, one above 
(as shown ih the‘figure) and one below the shank. 
In tUs-case the lower is drawn up against the shank 
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at l]i(‘sjinio tinu* as one is jirrs-rtl ddwn, 

thi‘^(*t-scr<’V screwed into the lov ; (nu' and 

aiTaii;(ed to “clear" the one. \ siroiiiier 

is secui’cd in lliis w.i\. 

Plain Turret or Capstan Lathe. One f..iin of 

this Iw' liardons and (.)iivei is irj'iesejil«‘d in 4d. 
This mac.liiiie is capahl*- ol hrinj^ pK>\ ah'd w ith ritihi 



l-’jf;. Tliiit. cajistun lain-'. 

tools altoj^a'ther, six in the turret hoacl, and i,u<* in 

tool posts winch siirniount^wlait isfsalh'd Ih'- cuttinj;- 

otT s’ide. * 

• • . . . 
Turret-latlu; lH‘adsfottks are jn-ovided willi either 

the cono-])ulley \)r the cfjnstant-sj^^'ed-pulley driv(\ 

In the iiornior case, the nuinhcr of ccwo-stoics is 

• *• 

j^eticriilly thiw-, tlic mimlior of spood^ehiiri^es jiossiblo 
being incuiiinod lo six in some latlies by ibe use of 
. ■ . (■) 
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(lotililc. hiiek-f'c.ai'iiig. More than six spindle speeds 
are veiy rarely ineoi'porated in the d(!sign of turret- 
lathes. The headslock s])indle is invariably hollow, 
since the tniret lathe is one. designed for bar work, 
th(! bar being carried in tb(^ snnidle and fed along 
through th(! chuck gradually. 

Th(! turret slide is usually ari'anged so that its 
)iosition can he adjusted oidy in a diniction coincidcuit 
with that of the lathe-sjiiudle axis, fn some forms, 
however, a cross or set-over adjustment is possible, 
this rendering the use of tools possiwsing a large 
amount of overhang—the enemy of ia])id and ac¬ 
curate pi’odnction—(]uite unnecessary. A turret 
slide equipped with this movement is )irovided on 
the turret lathe shown in h’ig. 43. j\ variation of 
this is to incor|)orate the cross-sliding movement ii. 
th(! headstock, but this is possible in the cr.se of 
headstocks of special design only. It cannot ho 
applied to the oi-dinary cone-pulley headsto(!k. 

In regard to the arrangement of the sto])S for the 
various tools in the turret, Ihci'c are, two distinctively 
dill’erent methods in vogue. The, fu-st, and the older 
of the two, is to provide a single screw-sto)) at the tail 
end of the slide, and to arrange the tools in their re¬ 
spective, holders so that this stop acts for all the tools. 
Tin disadvantage, of usiTig this method is to he found 
in the fact that, if 'he adjustment of the. stop is slightly 
altoreri for any oi'u' of the tools, the setting of each of 
the other tools is affected thereby. It is, however, 
much simpler than the second method, which in¬ 
volves the use of individual screw-sto]is for all the 
tools, that J.s, usually six. This method, naturally, 
allow’S great flexibility in regard to the setting of each 
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tool, and any adjiistmout of Itio stop I'oi- oro tool does 
not^allVct tin) s<‘ttiiiK of any other tod 

The cross cut-olT slide may he either nick or screw 
actuHjJ/cd. The use of ihe rack enahles tlie, move¬ 
ments to hijmade niiich more quickly tlian tliey can 
he made liy inisins of a screw, hut the control of th(! 
slide is much more positive in tlie latter case. The 
rack and pinion method is nqircseuted in T’i!,' +11, 
and the screw and nut method in Fij;. 1+. I'he 
tools are iSirried in slotted posts. The bases of 
the posts are jilaced ii. tee-slots which aic forme,d in 
the slide, and th" tools themselves rest on stout screws 
and mils of a design similar to the 'one which has 
been alieadx described and illustrated in Fij;. 30 (I). 

The turret lathe shown in Fie. +4 is by Messrs. (I. 
•Taylor, Idd., of Jlirmiiiftharn. It is provided with a 
weif;''l feed lor fe.edinf' the bar stock aloiif,' after a 
t»le'"‘ has been cut olT aud the chuck (which is of the 
sp.'iiiff collet ty]K‘) has been opened. The 0 ))enin({ of 
till cheek is cll'ected by means of the projecting hori¬ 
zontal handle lever just beyond the headstock. 
The tool posts on the cuttint[-off slide are open-side 
posts, and not posts of the, American pattei ii. This 
lathe is a capshin turret lathe, as is also the one 
show’ll in Fig. 43. 

The Hartness Flat-turret Lathe.— This is a 
machipe wh'ch is made diy tlie|.Tones & Lamson 
Machine Co., and on which bofti har and chuck 
work can he done. The chief features which dki- 
tkiguish it from other turriki lathes aie two in number: 
first, th» turret is in the form of a flat pjiste on which 
the tool-holders aie mounted ; aud,pecotid, the head- 
stock is provided with a cross-sfide. Another point of 
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dilTei’c.iiCt* Iwlvveoii this^atliu and tin* ord'Ti.jrv turret 
latke which . worthy of notice is U:?.,. the }R*ad- 
kUm^Iv is of the “all-iJcar” type. 

Pr«visioi> is made o!i the turret ])late I’or six tool- 
holders, ami alt(>;(eUu'r twelve stops are avaJlahle, 
two t .))- (isicli position of the tunet, one foiw.trd and 
one revei-s-‘. As inanv as eleven oi t\V(‘lve tools can 
he anun^^<;d outlie turret for use in rajud and 
succession. The turret slide is eontrollod hy n.eans 
of a capsta5) handle. 

TIu' cros^-slide of the headstoclv is .trran^^ed with 
nine or ten sujps, so that the headstock can lie located 
in ,iii\ OIK' of nine or feu jiosilioiiK. Tliiit is, the 
work irni ir moved into iiny one of these jiosilhius 
for the jmrpose of woi kinfjon a delinite ciiu,.mfeience 
'of it. The ti.’ isverse nioveinent of the lieiidstock is 
idreee J liy means of a eajistan liandle. 

' '".le feed loi har woik is ohtained In means of a 
roller iik diaiiisin. This consists essentially of two 
rolieiii wliich hear on the hai (iriesiieclive of its 
section). The^' roll 'is are eacfi eonnecled to tlie 
lever fiv wliich the chuck is m ‘iied, tliere heinj' three 
))airs of worm ffears between the lever and eacli roller. 
The feed is, of coiirse„a friction feed. 

The ordinal'} form of this machine with only one 
drivine spindle is ilKistrated in Fif;. 40. In*this 
fif'urt* the machine is shown willj a elnickiiif,’ outfit 
for castings and forf'iiif's. , 

A recent development of this machine witli two 
parallel driviiif;* spindles is repreiwnited in^Fig. 4(1. 
This pTohably represents the hifjhesl i\^e of tuvret 
lathe yet invented. 

Ill Fie. 47 are shown the two sjiindles of such a 
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machine. The c1fivin« on eacii spindle 



is solid with the spindle, and the chucks are stiffly 
supported close up to the main journals. 
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The Ring-turret l»athe.—Tlic tunM of thin 



lathe is ari-aiigod on a ling pr cit culaa jilate which 
(fas a horizontal axis of rotation and which usually 



comiilcfi'ly ('i»!irclt‘K thii htiil-of the hithe. The tool- 
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is indicated in Fif>. 48, ^vhi(ih rfpresuiits a lathe 
inanufactiiied bv Messrs. II. W. Ward and Co., 
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TjUI., of HinniQf'hiini. ThifriiiiuOiiiie is siiitiiljle for 
all kinds of (ihiickiii)' and liar work, but it is especi¬ 
ally well adapted for the foi inei-. The bcadstock is 
fitted with a tliree-ste]) coiui pulley and two sets of 
double back-pi'arinf;, so that, 'with 2 countershaft 
speeds available, 18 spindh! speeds are possible, and 
these i'.m”e from 7 to dliO revolutions piei' minute. 

The turi'i't, which is of the hexaponal ty))e, is 
mounted on a sljdinf; saddle which is somewhat, 
thonf'h not quite, similar to tlu! compound slide-rest 
of an oi’dinavy enpine lathe. The saddle is equipped 
with automatic slidiiif,', surfaciiif;, and sci'ew-cuttiun 
motions, which areidriven from the tail of the head- 
stock spindle (which is hollow) thiouf'h external 
{'eariiif' and a chant;e-eear hox under the. Inuidstock. 
Those ({ears f,'ive 8 chaiif'es of feed to the slidinfr and' 
surfaciu}' motions and 4 chaiif'es to the screw'-cut- 
tiiij' motion. These feeds are revei’sihle, ihe rever¬ 
sion heinf) elfected by means of a lever on the, tiear 
box. Six adjustable automatic slops are piyivided 
for each motion, and these are so arranged that by 
their use six dilTerent diameters and six dilfei'eut 
leiif^ths may be turned. Feed chaiif'es are made 
through the medium of one Jever on the gear hox 
when the niaeliine is running, and this is interlocked 
so that it is impossible to get two feeds in at any 
one time. The si {idle can he gihbed to the hed of 
the lathe when it is desired to use only tlje surfacing 
fefed. 

Screw.-thread cutting or chasing is done hy means 
of a leade? or leading screw which is removable. 
Such an clement “is nqt inoorporated in the design of 
plain turret lathes, though on some of the turret 
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lathes built for special work scr(\v ‘,h''ea(la ai’o 
formed by luea’is of dies and la)is, the motions of 
which ai'e controlled by leaders. In this case tht( 
Icadel' controls the motion of the tlireadinj' tool or 
chaser in )necisel\ the same niannei' as the leading 
scre\ of an (inf'inn lath(‘ controls the motion of a 
scrcw-outtino tool. In conne,\ion with this ma¬ 
chine leaders of different thread pitches an iiiail- 
able, and with each leader four ffjieads of dillereiit 
))itches iiiav he cut. and these may he either riftht or 
left hand. The cliaiioes in the near box are in the 
ratios of I, d, and 1 to 1, so that, with a leader of 
a J- incli pitch in use, screw-threads of 1, H, Id, and 
Hi per inch lan be cut. 

A unique feature of this lathe is the oonnexion 
'’listween the ' topping of the screw-ciittint' motion 
and l ie withdrawal of the tool from the cut. This 
..exioii is such that both these actions are co"- 
trolled h\ the same lever and, therefore, occur simiil- 
tiireogsly. 

The Hexagi i Turret Lathe. -This is a devel- 
0 ]iment of the plain turret I the, and is oeiicrally a 
much larger and heavier machine than the latter. 
Thu example Ucalt \jith here is nianufacturcd by 
Mess'is. Pollock & MacNah, of Manchester, and il¬ 
lustrated in Fig. 19. The headstock of this pafticu- 
lar rmchi.ic is of the all-gear tyje, the drive being 
from an elpctric motor direotly through spur pinion 
and wheel. The number of spindle speeds available 
*s IG, and these arc derived froirfone n^or spe,ed. 
The spindle is hollow, and the chuck Iot gripping 
the bars, etc., is automatic apd afcluatud whilst the 
ipachiue is in motion. The end thrust, due to the 



clittiiif,' notion of tho tools; uliicli is tninsmittod 



ihiouf'li till! *si>in(llo ntid Aiiok, is taken up 
radial ball bearing. 


Fjr,. 40.—He\a‘T;n lun^t lathe. 
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The turret in inoimli.l on ii siidille wliieb slides on 
the, l)ed of Uie latlie, ami wliose inoticjn is eontrolled 
by Ji c!i|ista.n Imndle, as shown in the lisOne. 'I'ln' 
saddle is airaneed so llial a. iiower feed may be 
ap]>Iied to it, ibis fee<l bein^ obtained tlnoiieli a 
ieed-oear box and sjifined feeit rofi from (lie diivini^ 
s])iiidle of lb ‘ headstoek. 'I’lie fis'd rod passes 
throneb ibii apron of lb - inmate, llie apron drive 
from tbe rod lieine a tMirm-oear ili ive liti al \ b a 
ball tiunsi liearin;;. Tbe turret I* lolated b\ nand. 
and not anlomaiioall' as in tbe majoriu of iiirret 
^naebiiK's. 'I'bns it is a siiiij le matler indeed to 
otate tbe tenet liae.kxvards foi aip\ .pnrjiose wbat- 
ever, an ae.lioe wbieb is ini]tossible on ibe mee.bani- 
eally eoeti'olled turret. I'laeb position ol 'be turret 
,is lonated e,.xi.clly by ineaiis of a spriiif,' pbinoer, 
wbi»b slidiiie in a bardened steel sleeve, is urotnid 
i;ito bardened and aeciirately Hionnd steel tbimbles 
Ol Inisbes. 

V 1 111111 ;; screw is provided bn Ibreadine pnr- 
))oses,* and is used eitber inde))endenlly of, or in 
conjtinclioii wiin, tbe die-bead. 

Twelviidead sti ps are provided on a liexa"onal rod, 
whicli is situated below tbe feed rod .iiid lead in;; screw. 
Tills rod isconnocledio t!ie tiirretai. 1 inoxes tliroiieli 
one-Kixth of a revolution for eacb niovemein of tbe 
turret. There are tlins two 'stops for eacli face, of the 
tunet, one of tliese liem;; forwird of the. turret car¬ 
riage,, and*the other lieliiiid.* lit connexion with eacb 
pf these sto)IS tjiere is at; aiitomalic tri]i, so that, if 
the pq,wer feed is in action, tins is iijjJ^malically 
thrown out wlien tlie stop is readied, j 

The Surfacing and Boring Turret Lathe.— This 



94 


LATHiiS 


is a machine which is not very (lifTereiit from either 
of the othi'i'two miichiiK's which have just l«'en dealt 
with, ft is designed, liowever, chiefly for chuck work 
■hy which is m(!ant work which involves the use of an 
independimt-Jaw chuck, such as the machining of 
rough castings and forghigs. An examitle of such a 
machine is given in h'ig- •’>0. This is a Ijang lathe, 
th(! headstock of whicdi is fitted with their variahle- 
spe(‘d mechanism. 

The turret is mSunted on a compound •slido-re.st, to 
which power feeds for lioth the surfacing and long¬ 
itudinal movements are given. These power hwds 
are derived from a front feed rod in the usual manner. 

\ feature of this lathe is ihe ))rovision of an 
automatic spetid-changing device, hy means of which 
thi: speed of the spindle and, therefoje, of the work, 
is automatically increased oi- decreased as tliMtlia- 
racter of the work wliich is being worked on is ro- 
duced or incrtsised. Tlie mechanism consists of a 
chain, which is driven from a liorizontal shaft con¬ 
nected to the cross-slide feed screw, and which' drives 
the handwheel tor altering the efl'ective diameters of 
the two belt pulleys in the headstock. Tln^ ratio 
hetwiien these two diameters is thus gradually changed 
as the tool is moved towards o^ away from the centre 
of the work, this resulting in a change in the angular 
speed of the spimUe and ivork. The object of this 
applieatioit is to mSintain constancy of cutting speed, 
a condition which coidd not be realized if the head- 
stock were of the cone-pulley tyjie. . , 

The Cf5,bination Turret Lathe. —This isn turret 
lathe in whiali a slide-rest, which candes a simple 
tool holdei- (tiither of the plain or turret type), is com- 
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billed with the turret s^iddle or earriiif;e which con¬ 
stitutes it II li rret lathe. It is, in fact a type of 



eiigiue* lathe, the adilition of the tjji^^'t saddle 
diffeifutiatiiif,' it from oidjnary eiijjine-iathe types. 
One form of this machine is* represented in Fig. 51. 


Fi«?. oO.—and surfacing turret lathe. 
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or, 

The turrelj saidclli! is actiiatej hy means of a ca],Ktiin 



---- 

handle which’ works thioiif,'!, a rack and pinion. 
The main turret, whicli is hexagonal, is set at an 


Fio. ol.—Combination turret latbe. 
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aiinloof l.V' ii'vay fi’orn tlii' front of tlii' rni'diliic, tbia 
arr,uij;('iii(!nl ..•■Mny: it Ciisirr to rcvohc the turret 
(whiuh is by b.inil) anil ki'i'jiin;; the boring'bars and 
tool-WobU'i'S clear of the eiqislan liandle. 

The dead»sto])K foi’liolli the slide-rest and the tiii’rot 
saddli are arnineed on a hexiiftonal rod disjjosed 
below the. bori/iOiita.l feed tod, wbieb transiints the 
power for the power feeds to bolb elements. Xu 
autornatie li'ipjiin;' f;ear is also p'je ided to work in 
<!onjunction'‘\vith the dead slo[is. The slide-rest is 
designed to work with both slidiiif; and surfacing 
J.)0wei' feeds, ein also with a screw-cutting feed 
untaine i from a lead-screw. 

Wher the ^.ide-rest is e(|nip)ied with a turret head, 
the latter is of the simplest ])ossil)le form (as shown 
K) the iigure)r;id designed to carry any mimbor of 
tools yisually compaiatively plainj up lo four, .^n 
0 '1' lary tool-] ost is also jirovided sometimes as at. 
addition tu the .tbove. 

'rno^olher deb.ils of this machine are somewhat 
similar to those e the machine illustratfsl in Fig. 49. 

The Engine lathe with Turret Siide-rest.— 
Examples of this ere given in Figs. 17 and 24. In 
each of thest; two casej the. ordinary tool-clamping 
device oi tool jiost is replaced by a simple turret head. 
In Fig. 17 the slide-rest is shown with a square ojten 
turret .for onr tools ; whilst thal^hown in Fig. 24 
has a circular tui-ict for six |ools. The turrets in 
cases like these aie invariably revolved by hand. 

•The work of ah ordinary engine .lathe (with self¬ 
acting sliding, surfacing, and screw-cutDifig feeds) 
can he done on machines of this type in addition to 
certain classis of work which is essentially turret- 
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Fio. 0*2._Universal monitor brass-tinishing lathe. 






lathi' work, siinv' tfn* (h^tn-ils of S5ic]> machines 

avo tliosi- of * •’ --iiH* killi"'-!. 

The Universal Monitor Brass-finishing Lathe. 

■ -Tins K illiistratfd in Til;. 52. fi i a. inotlil'Kvtiion 
ol llic'cn^ii^i'l.uiv wuli form (I tool liolilcr 



applied to llu- i,oni]»ouiid slide-rest. It is (‘(piip]K'd 
^nth a driving'" ht'adstock and a tailslook similai’ 
to thoSo of the ordinary en^ine-lathe, -ypo. This 
type of latlic is <l('sieju*d sjH'c*ially*for tl^(‘ chasinj; of 
screw threads on brass parts. For this piiri)OSi.‘ copy 
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BcrpwK or hobs aro iH-ovidod to tlie inimbcr of four. 
Those an* shown in th(i oiid view of the lalho (h'ig. 
53). Tlicso s(!row copies are arranged in a revolving 
•tunvt on tlie end of the inacliine, and any one of the 
fouj' may hi^ put into openition hy nierel\ revolving 
the turi'et on its iiorizontal axis. The design, how¬ 
ever, is such that only the iiarticular e, 0 |iy scriiw 
whicli is in action is in motion, the motion being de¬ 
rived dii’ec.tlx fi'om tiie main s]>indle of the driving 
headstocli. rnnnediately he.hnid Iho copy-screw 
turret another turi'et, wliich carries four dies or 
followers, is situated. Mach of these followei-s is 
designed to «ork in connexion with one of the copy 
screws. 'I'his turret is inonntisl on the end of a non- 
revolving hack-shaft, which transmits the traiislalory 
motion imparted to the, die and tnricl to a chasiipf 
slide. This slide moves on the lied of the lathe in 
front of the ordiniiry slide-rest, and is eipiipped with 
a four-holed tunet in which (he chasing tools or 
hobs are, ]ilaced. lioth right and left hand screw- 
threads can he cut on this lathe, there being it revers¬ 
ing gear in the driving headstock. The ordinary 
slide-rcsl may l«‘, woiked either from a copy screw 
or hy hand, whilst, in some cases, an ordinary self¬ 
acting sliding feed is providell. 

Jn the, non-universal form of this ty]ic of lathe the 
copy screws and followers are fitted to the lathe singly, 
and hence any eftange of screw and follower which 
is rcquire.il consumes if oonsiderahle amount of time. 

The ooiiy screws which are usuiilly supplied wjth 
lathes (s£^his tyjie are tor cutting the scroty threads 
for gas, watgr, atid steam pipes of II, 14, 19, and 28 
threads jief inch. 
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» 

Thk vei'ticiil liiltii', wliiuli is moic popularly kuowii 
as thi- vertical turuiiif,' and lioriiif.; mill, is one of the 
oldmt of niachi'.u’-tool types, thouf'li its use is not 
by any means as common as that of several of the 
newer tyjies. 

As has been already noted in a i)ievioiis chapter, 
the ♦'orkiiif' axis of a lathe of this ty])e is vertical— 
hence its name- -and the motions given to the tool or 
tool- can be made in three directions usually, namely, 
the honzontal direction, the vertical direction, and 
any inclined direction between limits. 

This type of muchine-tool is well adapted for the 
machining (both inteinally aim externally) of work 
which is of large diameter compared with its length; 
though it is quite possiljle to machine on it work 
whose diameter is not greater than its length. Gener¬ 
ally speaking, however, the machine is totally un¬ 
suitable for long work. In fact it was originally 
designed for.comparatively liwge-diameter work so 
that this could be better supported than is usually 
possible when a horizontal lathe iif used. Jn this 
case, overhang of the work practically dofs not exist, 
whereas in the case of some classes of work’niachined 
on the horizontal lathe it is almost impossible to 
( 101 ) 
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elimitvalc! overhaiif; or miligiite its effcicta, both on the 
elements of th(^ lathe arid on the accmacy of the 
\pork. 

The ('ss(!ntial elements of a v<'i'tical lathe ard: (I) 
the tal)le; (2) the bed which tarries tW; table; (3) 
the driviTif; mechanism to the table; (4) the housing; 
or honsines; (o) the cross-rail which is can'iod on (4); 
(0) the saddle on the; cross-mil; (7) the tool bar or 
slide which is numnted on the saddle; and (8) the 
tool holder, which is either of the ])lain or tinret form. 

The Table.—This is usually—thon;,'h not quite 
always -circular in shape and arranged with tee- 
slots in its upper face, Th(se, slots are either 
radial or jiarallel or a combination of these, and are 
used to hold down either the woik oi’ the jaws or 
chucks or special fiNtnres which are used to s^^nre 
the work to the table. The table is ineariahly well- 
projiortioned and provided with massive radial iTps 
for reinforcing pmposes. The table is mounted on a 
hollow' cabinet bed, which is usually cirejdar in 
section, and is driven through either spur, bevel, or 
worm gearing, fn the case of the first, the table is 
provided underneath w ith a large, internal or exter¬ 
nal spur-gear wheel, and Ihia is put into mesh with 
a sjinr-gear ])inion. In the case of the second a 
bevel-gear jiinion drives a large bevel-gear wheel on 
the nndm side otj the table. Jn the other'case a 
large worm-wheel on .the underside of.the table is 
driven by a horizontal worm, either singl(>, douhle, 
or triplgj^readed. The form of drive in which {he 
driving forch is ajiplied near to the vertical axis of 
•the table i» not d goqd one, and is not much used. 

The spur-gear and worm-gear drives do not 
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produce any lifl,inf> tendency on the part of the 
tahlc^ as is characteristic of th(! l)oyel-''e.ir drive, 
lhonf;h in this case even llic iittinf; tciKioncy can Iw 
nentrij,lized l)y the proper vise of nether thrust 
liearinj{s. ^ 

The downward thrust can he taken in fonrwajs, 
these beinj; («) liy an aunulai- lionzontal suifacc 
or jiressure rins ; {b) iiy an annular vee-eroove ; (e) 
hy a central conical hearing ; and ((/) hy a ih.ost 
hall-hcariiif^ The methods (nl'and (e) are the 
commonest. 

(Ihanges of tahle-speed can b made in four ways, 
IS tollo'vs — 

1, ]Jv the iipc of ordinary cone-pnlleys. 

y. Jj\ live use of toothed ni'iirinf,' and yenr-hoxes. 

3. By means of a variable speed electric motor. 

\ By a combination of any of the above. 

, fill the specd-channiiif' mechanism is fiencra'ly 
situated in the base of tbe macliini', so that it is 
ea'-dy accessible and admits of ready operation. 

()n*larf;c machines the mimber of tables is nniver- 
sally one. On smaller niaebines tbe number is 
either one or two. The taoles on tlie “ duplex ” 
machine,s may be mounted on either one bed or 
two; in the latter etteo, the two beds iiro invariably 
carried on the same base. 

Housings.'—These are the uprights winch spring 
from the base or bed, and are ti»e. main supports of 
the machine. They are either cast solid with the 
])od of the machine or attached to it hy means of 
studs ,or bolts and nuts. Thi' 'former^method is 
adopted only iii the case of the sifialler sizes in 
which only one housing or4Stan*dard ds employed. 
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Where there are two enil. housings, the second 
method is the one which is invariably adopte4. 

The number of housings is two on all machines 
which have a tahle-diainetcr of not less tha,n 30 
inches, and generally on all snaehines qf the “du¬ 
plex ” type irrespootive of the diameter of the table. 

The. housings are hollow, their external shape 
being either triangular (with a stinight l)ack) or par¬ 
abolic (with a curved hack). The latter form is 
more scientifically correct, and it is prslctically the 
only one which is employed by modern designers. 
Frequently the housings are open or centred, this 
form being adopted where it is desiied and possible 
to reduce the weight without sacrificing strength and 
resistance to deflecting iniluences. Where width 
and exceptional stability are requiiod—as in those*, 
oases where there is only one housing—the eloped 
form has to be used. Veiy tall housings have 
special shapes. 

A top-rail or beam is used to connect the two 
housings together and to increase the rigidity and 
stability of the structure. It is usually of [ or 
channel section with intermediate cross-gii-ts or ribs 
to strengthen it. With oidy one housing there is, of 
course, no connecting top-rail. ' 

Eaph housing is provided, in the ordinary type of 
machine, with front and side square guiding ^sur¬ 
faces, as shown if. Fig. 54 (which illustrates a 
vertical turning and bofing mill manufactured by 
Messrs. Webster & Bennett, Ltd.,, of Coventry)., 
These surfaces are used as guides for the crQss-rail 
in its vertical movements, and they are so arranged 
that the cross-rail can lie gibbed or secured to each 
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housing rigidly. This socuring or gihbing is effected 
hy means of clamping plates and screws, or screws 
alone. 



Fm. 84.—Turning and boring mill. ^ 

The Cross-rail. —^This is either pxei or movable. 
In the former case it forms a 'bead to tlie standard 
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of the machine, tiierp being qnly one standard to the 
single-table type and one standard per table to^ the 
duplex type. An example of the latter is shown in 
Pig. 55. The movable form of cross-mil is^ em¬ 
ployed in conjmiction with two standai^s or hous¬ 
ings, and these it com])letely embraces, as shown in 
Pig. 5'*. 

The vertical movement of th(‘ second form of 



Frn. S.5.—Ihiplex tiirnibg and borhip iniH. 
CTOSf-rail can sometimes be effected only by hand; 
in other cases only by power; whilst in some few 
cas(!S both methods are available. In every case the 
principle of the screw utilized. Two screws are 
used—one in a tee-slot in the, front.of each housiijg 
or on the»eidc of the housing close in—thesf screws 
^passing through nuts on the back of the cross-rail 
and terminatiii" in bivel. worm, or spiral gearing at 
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the top of the hoiiainga The two sot? of gearing 
ate •onnceted together hv a cross-sliafc an;] also to a 
ItaiiGle, handwheel, or crank-lerer, or to the driving 
gear.* Jn each case toothed gearing is employed to 
make the jisnchttse niasoiiahly large. 

The Saddle. --Tills is carried on the cross-rail, 
which is provided with scraped horizontid and 
vertical sin faces to act as guides to the lidir.g 
saddle. The saddle can he secn-ed rigidly to the 
cross-rail at an\ ])lace in its length. On some 
machines (such as the one re])resented in h'ig. >54) 
there are two cross-rail saddles, in which case, of 
course, the range of incnement of each saddle is 
more .n- h>s restricted. 

In the cross-rail are arranged a siilined lod and a 
'smew, each of which e.xtends froth end to end of the 
cioss rail, and is horizontal. On the shaft a sliding 
de cl pinion ii, inonnted, this being in mesh with a 
similar one situated in the l,ool-slide. The first 
pinioy is ari-ani;i'<l so that, whilst it is free to rotate 
with the shaft, ■ is constrained to move horizontally 
with the saddle. 

The screw is used to feed the saddle along the 
cross-rail, it works pi a nut which is secured to the 
back of the latter, so that rotation of the screw 
produces directh- a traiislatory or traversing move¬ 
ment of tlie saddle. 

Both the rod and the screw can he rotated by hand, 
* • , 
each beiiij' [irovided with a square eud ou which 

•a cniiik handle or lever is i)lact:d. Further, each 
rotation can be actuated mechaiiicallj^ thl'ough gear¬ 
ing, the power lieing derived ^ronf^thc ordinary 
driving mechanism of the machine. In many cases 
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a safety friction device is introduced into the gearing, 
so that, should the tool meet with an obstruolion 
which it cannot remove, the gearing and the tool are 
jirotectod. ■ 

Peed-gear boxes are provided on moderil machines, 
so that feed-changes arc considerably expedited 
thereby. Also the feeds, horizontal, vertical, and 
inclined, aie automatic and reversible, whilst, in 
many cases, the (reding mechanisms are equipped 
with direct-reading indicators, by means of which it 
is possible to obtain very line changes of feed. 

The Tool-slide. —This is usually arranged in or on a 
swivelling clamp-bed—which is rotated either directly 
by hand, as in small maciiines, or tlirough gearing (to 
increase the purchase), as in the largest machines— 
so that it can be placed at any angle to the horizontal. 
The clamp-bed is secured to the saddle by means 
of a number of Irolts, ranging from two to six, and 
is graduated in degrees. Any angle can thus be 
readily read off. In some special forms of vejtioal 
turning and boring mills the tool-slide is of the non¬ 
swivelling variety, however, and only vertical and 
horizontal movements are possible; whilst in some 
very special forms the only movusment possible is the 
vertical movement. In the first of these latter eases 
certai* inclined feeds arc obtainable by compounding 
the horizontal and vertical movements, but this is 
not often done, a machine of the ordinary type being 
usually employed for tapered work, whether internal 
or external. 

The tool-slide may be either screw- or rack-dfiven, 
but, in each casib, thp power feed is derived directly 
from the splined shaft in the cross-rail and through 
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the bevel Roaring in the saddle already doscrihod. 
The axis ot swivel of the clanip-bod is alwaj’s 
coincident with the axis of the short shaft which, 
hein^ at right angles to the cross-rail shaft, can’ies 
two of the four bevel jiinions in the gear. The fourth 
lievel pinion drives either the rack-pinion or the nut 
of the longitudinal-feed screw of (he tool-slide, and 
it is so disjiosed that, when the tool-slide is swung 
round through an angle. It rolls round the 'iiird 
bevel pinifrii. Tims it is always in mesh with 
the latter, and the gear connexion is never 
broken. 

When the drive is through a rack and pinion— 
which is the ccmnioner arrangement—the tool-slide 
can usually he raised or lowered by hanii in either 
,ot two ways. The first is by means of the splined 
sHiaft in the cross-rail, either end or both ends of this 
being squared to allow loose crank handles to be 
pi.voe-1 on them. In certain designs of machines of 
this type non-removable handles are employed, these 
beiiigVonnected to the shaft through either toothed 
or friction clutches. The second way is by means 
of a handwheel oi handle which is mounted directly 
on the pinion shaft in the tool-slide and connected 
to the bevel-pinion shaft by a friction clutch, which 
has to be put into operation when the jiower 
feed is put into action. The latter of these two 
methods is always possible on machines with cross- 
rail and travelling tool-slidee, but not so the former, 
which is only possible on certain machines. On 
machipes without cross-rail it is only a modification 
of the former method which is avail^le. Gearing 
is occasionally introduced ta increase the effect of 
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tho effort at the haud-whoel and so reduce its 
nnagnitud(\ 

When the driv(! is liy means of a screw ainf tint, 
the hand adjustments of tlie tool-slide have, on small 
inacliines, to he made ria the cross-rail shaft, whilst 
on lar^'e machines it miiy he made in that way or 
from p, hand-wheel which is connected to the leed- 
screw tliroufth {'earitif' in or on the tool-slide. 

The nnmber of ordinary tool-slides provided on a 
■machine vaiy fitinn one to three per tahle. Very 
rarely is the latter nninher exceeded. Hiich slide is 
connected by means of a chain to a haliinee weif'ht 
which serves to talie the weight of the slide off the 
rack-]iinion or feed-screw and so reduce the. effort 
which is retjuired to raisti Ihe slide. The halance- 
weif'ht arrangements art; of two kinds: in one aji 
rangeuieiil each slide has asc]iarate halance-wei l?ht; 
in the other arrangeniinil all the slides tire connecti’d 
hy one chain to one balance-weight. The latter ar¬ 
rangement is the one which is nsnally adopted in 
the case of cross-rail machines when thore, ,'Ere two 
or more tool-slides and saddles. In eiwih case the 
chains are carried over and round pulleys mounted 
on the tool-slides and on the frame of the machine 
as shown in the two tignreS. The chain may he 
arranged so that hotli ends are attaclied to fixed 
points or arms and the balance weight susjtonded 
from the middle af the chain, or with only one end 
fixed and the hahincewveight attached *to the other 
end. The former arrangement is illustrated in Pjg. 
55, and the 'atter in Fig. 54. , 

The Toolaholder, —This is fitted on the lower end 
of the tool-dlide, and may be of either the plain screw- 
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olainp type or the turret.hoad type. Both fomis are 
sho\yi iu Bif;. •’i t. The tun'et-head is go’-erally de¬ 
signed to carry live tools, and isi-evolved and locked 
in position hv hand, Th(! tools carried arc of the 
reamer anddioring-topl Upe. 

VVh '.re sevta-al diH'eront operations have to he pcr- 
rormed on the same piece, of work, and these-can be 
done with one setting, the turret-head holds tre¬ 
mendous advantages over the plain type of ho' 'er, 
in which nof. more than two tools can he held at any 
one time, and these reijnire special setting with re¬ 
spect to one .inolhei'. 

Additional Tool-slides.—These are only jno- 
vided on macliines which are of more or loss special 
design, Thev niiiv lie disposed in two diffoi'' nt ways. 
a-,4’he first of these involve,s the provision of an ex- 
•ensi'.n to the ordinary cross-rail in the form of a 
' unning a* right angles to it, and being capable 
of travelli'ig on it. This extension (which may have 
a ien^'tii equal to one-hall of that cf the cross-rail 
proper) is secur d to an ordinary cross-mil saddle, 
and supported also from the head of the, machine. 
The additional tool-slide travels on this rail. This 
arrangement allows the table of the machine to he 
thrown oiitwai'ds, thus increasing ns capacity; and 
it also facilitates boring oiierations when the diapueter 
of the, h( le is small compared with the external di¬ 
ameter of the work. * 

The second disposition ot an additional tool-slide 
•is on the front"of cither or both,of the housings or 
standards. This arrangement is su;tahle in cases 
where external machining (i.e. |urnftig) has to bo 
done on the lower part of a piece of work whose 
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upper part is much wider ).haii the lower and pre¬ 
vents the use of a tool from ahovo. , 

Additional Boring-bar Support.—In the latest 
type of vertical lathe—viz. the type designed f.or the 
turning and boring of steain-tinhine druni’S—a central 
boring-bar support is an intrinsic part of the design. 
This support is made very massive to resist all de¬ 
flecting influences and is erected on the base of the 
machine in the centre of the table which, in this 
case, is hollow. The horing-har or tot'l is secured 
on this support, and the mechanism is of such a de¬ 
sign that the bar or tool may slide in the support, 
but this movement is rigidly vertical, no rotation 
being at all possible. The use of this support 
renders the use of a horing-har or tool in the ordinary 
tool-slide, with a necessarily large amount of o^*” 
hang, quite unnecessary. In fact it is a question 
whether the latter method would he at all possible 
in cases like this, where the length to be bored may 
be anything up to 10 foot. 
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The Bench ur Precision Lathe.—Tliis is a luthu o( 

a comparatively sriiiill .iijie, anil is (losionnil for ex- 
coediui'l) lini wo'k. LatheK iisi d by wateh-raakors 
b. long to this class, as does the lathe represented in 
J'ig. 50. This is a Di’inumoiid lathe, and is designed 
for plain turning, surfacing, screw-cutting boring, 
•t'd, milling. The bed, which is of cast iron, is of 
hollow circular section, this section being obtained 
1)'“Hiding, ihe limit of ei roi' being O'OOOl inch. 
This h.rd is fitted in the two standards of the machine 
and belli rigidly therein. The drivin,'' headstock is 
part of the left-h Old standard, the spindle being of 
steel, one inch in diameter, and ground true. The 
hearings are adjustable and made of the best hard 
gunmetal. The speedy cone has three steps for a 
flat belt, and no back-gearing is provided. The 
loose heiadstock is fitted on the bed and is seewred 
thereto Ci screw. It is (irovided with a set over 
adjustment, so that it can be useif to support work 
which is sliglitly tapered. The slide-rest consists of 
a«addle, which completely embraces the bed, and a 
superimposed plate which carries the.tool-holder. 
The upper surfaces of Ixith the saddle 'and the top 
plate are tormed with tee-slots’ these being used to 

(•113) 8 
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hold down pieces of work yhich have to be milled. 



The top plate consists of two parts, the upper one 
of which can slide id vee guides on the lower. A 


Fig. 56.—DmmmcA^d precision lathe. 
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screw, which terminateii in a small hand-wheel, is 
used to obtain the slide movements. The lead 
screw—which is machine cut—is fitted inside the 
bed ajid runs central with it from end to end. The 
clasp-nut is gonnocted to the underside of the siuldle 
and is always in engaKemont with the screw. A 
handwheel on the end of the screw enablt* the 
saddle to move along the bed by hand. A train of 
change-gear wheels connects the lead-scrow to ihe 
driving spin’de fo)' the sliding power-teed and for 
screw-cutting. A reveming gear is also provided to 
enable the direction of rotation of the-lcad-screw to 
he ri'versed. 

Nut-facing Lathe, —One form of this type of 
lathe is indicated in Pig. 57. It is a Lang lathe, and 
designeii only tor the facing of nuts. When the 
lathe is in operation, the nut to be faced is placed 
oiu the mandrel and run lull on by power. After 
the facing operation has been completed, the nut 
is rrn ofl' by power by the movement of a handle in 
front of the spindle. Thus the lathe does not require 
to be stopped and started periodically. This is a 
decided virtue. The slide-rest is placed on a short 
length of bed and arranged with two movements, 
longitudinal and transverse. The tool-holder carries 
four tools, viz. one roughing tool, one linishing tpol, 
one chamfering tool, and one burr-removing tool. 
These are put successively into action by means of 
a handle or fever which is attached to the tool-holder. 
A^top is provided tor each movement of the tool- 
holder slide, so that nuts can be finished to a 
standard size. • 

The Backing-off or Relieving Lathe.—-The 
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chief work of IhiK type of lathe is the formiii}' and 
hackiiifi-oir 01 - relicviiif' of milling cutters of the 
coiistaiit-prolilc, formed variety. The i)riiicipal 
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and nan Ix', insnd for* all ordinary oii^inc-lathH 
oiK'i-jtions. Jr should, lio\V(!vnr, h;, us d foi- the 
latter as little as ])Ossihle. 

The |)rin(;i|ile, of ae.tion of the luekins-oH'jneelianisni 
is that of t4io earn, g, re(;i|)i’oe,,i,tin}> iiiotion of the 
tool rnd tool-slide heiiif' (U'rived from a ecnstant- 
speed rotatory niotion ol the. earn ( r earns, dn one 
ease this latter niotion is obtained from an additional 
lixed haek-shaft; another from a lixed front-sl:'.ft; 
and in a tinrd from a teleseojiie front-shaft in eon- 
jimetion wilh universal conplinps as shown in Jj'if;- 
58. Wilh th( li'st two methods, the ratio hetvveen 
uho instantaneous sjieed of the cutter blank and 
that of the leoi is invariably eonstant; that of the 
third ease undergoes slipht ehanpes ])er ret 'Intion of 
telescopic shaft, these ehanKes heinj,' due to the 
aetion of the Uvo universal joints. 

"Thti Duplex Axle or Shaft-turning Lathe.-- 
Th' feitu'-e of this lathe is to ho found in the fact 
thai, boin centres are dead (i.e. non-n.tatini;) centres, 
and not, as in th" ordinary lathe when the two centres 
are used, one dead and one, live. One form of this 
lath'j fas made hv Messi-s. bollock & MacNah, of 
Manchester) is .e])rese^itod in Fi". oil. 

The di’ivinv head is mounted on th, middle of the 
bed, whilst the two loose-headstocks, which carr»the 
centres, aio placed one on each side of this head. 
The spindle of the driving head is*lrollow and Koar- 
driven, the f’eai-tvhoel on the spindle heiiij; com- 
pkitety enclosed." The, driving powtar is received in 
this cadh from a sinf'le-drivin}' ]Hdloy, • and sjieed- 
changea are effected by ineans^ of geai' chanf'os, the 
gear wheels for such changes being enclosed in a box 
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foimed in tho Ictl-hand bod standard. The gear 
changes are made through the medium of the lovers 



shown in the figure. From this box the power is 
transmitted through a shaft situated inside the bed 
and running parallel with it. On this shaft is 
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mounW the soar whed which is in mesh with the 



gear wheel on the spindle of^ the* driving head. In 
some forms of this kind of lathe, a cone-pulley drive 




iK used, and speed-cdiaiif'os pvve niado in tins usual 
maimer, which involves the shifting of the driving 
httlt. 

The loos'.i-headstocks are mounted on sibddles in 
this case, the left-hand one being e<]ni([ued with a 
cross-slide, so that it can he moved out of line with 
the drii’ing head for the ))nr|)ose of getting tihe work 
in and out of the lathe. In some cases this move¬ 
ment is not jiossihle, and one of the loose-headstoeks 
has to he moved on the bed longitudinally^irior to any 
movement of the work in or out of the. lathe. 

The work is threaded through the hole in the sjiindle 
of the driving head, sniiported at each end hy a centre, 
and driv m hy a double driver of the (Yemenis’ type 
through a carrier. Th r di'ive is thus a balanced one, 
and possesses no tendency, whatever, to throw thj; 
work out of truth. 

The lathe is eijiiipped with two slide-rests, whicji 
are frequently of the. compound tyjie, though, in some 
cases, the top-slide is dis))ensed with and all longi¬ 
tudinal movements of the tool are obtained hy inoving 
the whole slide-rest. The form illustrated is, how¬ 
ever, the better one of the two. The power food to 
each slide-rest is derived from either a splined feed 
shaft or a lead-screw. In the latter case, usually, 
eithet two screws of difforont hands or one screw with 
two different threads is used. The shaft or scrjiw is 
driven either from “{he spindle of the dividing head 
by means of an eceentrio and ratchet, dr from the 
central shaft in the bed through toothed wheel gear, 
iiig. The. feed olitained by the former means is in¬ 
termittent; tlf.it o\ttained hy the latter is continuous 
and, therefore, preferable. A safety slipping clutch 
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is mounted on the shaft |o protect the KMii’s, and to 
preveiit ovciloadin},' Also a (diaiifro-fccd f;oAir.hox 
is provided, so that the, feed chaiif'es arc cirecte,d hy 
the nv.Te inoveinent of a handle or lover. 

The shde»i’(‘st feed aprons are somewhat similar 
to (hose of engine lathes, hut the mechanisms aio so 
dusigno,d that the two longitudinal pewfu- movamenta 
are in o))posite directions towards the. driving head. 

The Double Railway-wheel Lathe. —The gca ral 
design of th*s will he readily nriScrstood from a 
perusal of h’ig. (10. Its essential parts are two driving 
headslocks, jilaccd ruv u-ri.',, and two slide-rests of the 
compound type, so that it is possible to turn two 
'.vheolson their axles simultaneously without suhjret- 
ing the a,xlos to torsion, to turn and hore ( wo tyres 
■ ■■ the same time, or to turn a wheel or hore a tyre 
on or," faceplate whilst bossing or boring a wheel on 
fv -'ther. 

l’h(- faee-pl.i.tc of Ihe left-hand headstock is driven 
dii’i.cth oil.her by a belt working o’l a cone-pulley, 
orhy an electric motor woi'king through toothed gear¬ 
ing. The face-plate is gear driven, as shown, all shaft 
torsion being thereby eliminated. The face-plate of 
the, right-hand headstock is driven from the one on 
the loft through a driving shaft which nins inside, the 
bed, and which carries the two driving pinion... Jlhis 
driving sh ift is connected to the, cone-))ulley or motor 
by ordin u'v toothed gearing, aniP-.pesd changes are 
elTected in tRe, usual ways. * 

• Each slide-rent can’ics three slides, the middle 
of whieh (being a longitudinal .-liile) can lie driven 
from a front feed shaft by meags oPa chain and 
ratchet. The feed in this cake is, of course, inter- 
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mittent. Further, the whohi slUle-rest can he moved 



■ on the bed, But when the machine is in actual opera¬ 
tion, the slide-rest is iJolted down securely on the bed. 
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lAlhos of this type will take in drivin" wheels of 
dianjetors up to 8 foot. 



Lathes for turning long lengthsjof shafting are also 
made with a double drive,'so as to reduce the amount 


Fig. 61.—Tarbine-rotor turning lathe. 
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on the accuracy of the work. Any number ct slide- 
rests up to 4 'mayjre used. 

Turbine-rotor Turning Lathe.—Two views of a 
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lai'Kii liithi! (lusif'iKid for yio tin ning of turliinp-rotors 
are shown in Fim. 01 ainl 02. On this mac' me (niadc 
hy the .Ai’instroug Whitworth Oo. of Manchcstei-) 
work.uj) to 10 ft. 0 ins. in iliainctcr anil 50 ft. in 
length can Ue dealt \vith in an exjieditions inanner. 
The height of the centres above the tops of the hed 
is 9 It., though this can, when nece s.iry, he rmluced 
to 5 ft. The view shown in Fig. (il is of the di-iving 
licadstock ; tliat sliown in Fig. 02 is of l.he loose, I. id- 
stock. * 

The hed consists of lit e .scmi-liox sections, as shown 
in h'ig. OH, conne ded together lir a nnndier of cross- 



I’jn. h.'i.—lied of turliim‘-roUn' tiirniiin Irtlir. 


gif' or rihs a'so of hox section. Snell a lied must 
have ,i concreie foundation of a dciith of not less 
than OJ'oet. 

The tee-slots i the shears of the second and fourth 
sections carry the holts whicl hold the driving and 
loose headslocks down on the bed. 

The. driving Iv'-adstock is cone-]inlley actuated, 
and the fac.s-plate gear-driven. 

The loos i-headstock mandrel can he fed in of out 
of till? hiv-ral either diieotly hy ijieans of the, large 
hand w'heel^ or through th^ worm-gearing shown. 
This headstock is mounted on a saddle, which can be 
nfoved along the hed hy powci' tra»ismittcd from the 
front feed-shaft through bevel-gearin§ to a rack-pinion. 

The slide-rests are tour in njunlair. Kach carries 
three slides, the upper two of which are mounted on 
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a swivelling clamp-bed, thii^ arrangement admitting 
of the turning of short tapers. 

The total weight of this machine is about 300 tons, 
and an electric motor of 80 B.H.V. is requiipd to 
drive it. The speed arrangements are Sijich that the 
range of face-plate speeds is from 0’2!5 to 20 revs, 
per rajn. 

Three-spindle Turning and Forming Lathe.— 
Th s is a machine for the multiple production of parts 
which require comparatively plain machining. It is 
different from the turret-lathe type inasmuch as in 
this machine three pieees of work can l)e machined 
similarly at the same time by means of three fixed 
tools, whilst in the other case, usually only one piece 
is operated on at once, and that hy a rapid succession 
of widely different tools. 

This machine (Fig. 04), which is made by the Selson 
Engineering Co., Ltd., is suitable for the machining 
of small parts included in motor-cars, bicycles, guns, 
looms, machine-tools, sewing machines, etc. 

The driving headstock carries three spindles which 
derive their motion from a stepped-cone pulley 
through toothed gearing. Three steps are provided 
on the cone, so that, when the headstock is fitted 
with back gearing, six spindle speeds are available. 
The .centres in the driving spindles are of the non¬ 
rotating type, so that perfect alignment is always 
maintained. ' 

The loose-headstock is equipped with" three man¬ 
drels and centres which are immediately opposite 
the centres in thq driving headstock. Each mandrel 
is fitted in a slide^which can be set over slightly for 
taper-turning. The three slides are super imposed 
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successively on eaolii othi^r and ,on the saddle which 



•ests on the bed; and they can fie moved on or 


Fio. 64.—Three-spindle turning and forming lathe. 
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across the hod as one imi^. and held in any posi¬ 
tion. 

The angle between the plane which contains the 
axes of the three centres and the horizontal is about 
dO". 

The slide-r(wt is e<pii])pcd with a ti'iple tool-rest, 
whiclir carries three tool-jiosts. Tluwe three posts 
can be fed into the work transversely either separ¬ 
ately oi' as a cornplet(! unit; whilst, further, each 
tool can be swivelled thiough a comidrftc revolution 
independently of the otlnu' two. Th(! slide-rest can 
be. moved along the bed by hand through a hand¬ 
wheel and rack-pinion, and by ])Ower through a 
lead-screw. 

For the foiining 0 ))erations, a fornnng guide or 
bar is employed. 'J'his is placed at the back of the 
lathe, and the tool-rest is pressed against it by 
means of a heavy weight. The couta(it betwr-en the 
bar and the tool-rest is a roller contact. 

The Automatic Screw Machine.—This is a 
logical development of the turret lathe. It is a 
machine for the rapid produrition of small parts, the 
production of each part involving a number of differ¬ 
ent tooling operations. The parts are usually made 
from bar stock, and the tools lor the ditteinnt openi- 
tiopp are he.ld in a turret head, which may have 
either a vertical or a horizontal axis. The great dif¬ 
ference l)etwccn tkis machine and the turret lathe is 
in the control of the turret head or heads, and in the 
control of the airangements for feeding-in the stoojj. 
On this machine,Wh controls are mechauica,! or au¬ 
tomatic, tho only hand manipulations necessary 
being in regard to the* setting of the tools and the re¬ 
plenishing of the stock. This automatic control is 



bpkciAl lathus 


120 


securod by mciins of cjviiis, which are ur’iitHy in the 
foro^of fairly iarRo and wide dninu, oi. which cam 
plates made of hardened steel are secured; it is 
against tlu! edges of these that the. 1 - 0110 ™ on the cam 
lovers pres». , 

Tl-! general form of this machine is showii in Vig. 
C5, which represents a motor-driven automatlt screw 
machine. 

Kmall parts other than screws ciyi Is) prodncea on 
this machine, though it owes its name to the fact that 
it was first employed for the manufacture of screws. 

The Automatic Lathe. —Tnis is a machine tor 
ihe comparatively plain tooling of work which is 
held on ee'itres or centred mandrels })ertorraed 
])urely ,iutomatically. The Fay lathe is an example. 
This is made hy the Jones .and Lamson Machine 
Oo., .ind an idea of the general form of it can ho 
.'ih* .ined from a perusal of Figs. 66 and 67, which 
represent, front and biick views of the machine. 

Th^ essential elements of this machine are a 
driving headstoclt, a loose-headstock, a slide-rest, a 
swivelling-rest, and coutrolh ig cams. Those are 
mounted on a bed of very heavy construction. 

The driving spindly is a stiff, heavy iron casting, 
with long bearings, which also ai-c of iron. It is 
worm driven, speed changes being made by tht use 
of a .two-speed countershaft and a three-stepped 
cone driving pulley, which has iis axis placed at 
right angles tc that of the driving spindle, and 
which drives th6 worm directly. > The worm wheel 
is of high-grade phosphor-bronze, ^nd the worm is 
of hardened steel; this is in close agreement with 
the best modern practice. 

9 
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Th(! work-drive is baliinejd, a C'lemonts’ driving 
plate being employed, so that heavy cuts inav be 
lakeu without causing the work or mandrel to be 



deflected, as is ufte,n the case when the drive is a 
single point'uiib;',lanced one. 

The loose headstook is made solid so that its 


Fio. 63.—Automatic screw machine. 
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rigidity is as ('•'oat as 4 )ossil)l(‘., a condition which 



would not be realized it the deadstock wore of the 
set-over type and provided with a sliding joint. 


Fio. 66.—Fay automatic lathe. 
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Tapers can l)o turned on thiit machine, bnt this kind 
of work is provided for in other ways. 



■ The slide-rest is carried and permanently clamped 


Fio. 67.—Fay automatic lathe. 
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on a heavy steel bar of circular section, and on ways 
of tl|f! oi'dinaiy tyiie. This bar connects ‘he driving 
and loose-headstooks, thus adding strength to the 
bed.* At the front of the bed the slide-rest is sup¬ 
ported on »hardeiicd_ plate which is part of a square 
steel bar, known as a “former bar’’. This former 
bar carries on its upper face a former, the chief 
function of which is to swing the slide-rest about its 
central support when a shaped contour has ' ■ bo 
turned on work. The former is also used to control 
the movements of the slide-rest when facing or re¬ 
cessing operations have to be performed, whilst a 
still fuither use is in the diopping or relieving of 
the tinning tools on the return stroke in Older to 
preserve the evenness of the finished surface of the 
work. The former-bar movements are controlled by 
cams on the periphery of the drum at the headstock- 
of the machine. The movements of the central 
bar which carries the slide-rest are controlled by 
cams on the inside face of the same drum. 

The swivelling rest or back arm is mounted on a 
heavy steel bar and secured rigidly to it. This bar 
is parallel to the central bar, and its longitudinal 
movements are contri^lled by cams on the periphery 
of the drum, fn addition to this movement it has 
a swivelling or oscillatory motion, which it darives 
from .a heait-shapod cam (Pig. 67). This cam is 
positively geared with the cam Srum. The weight 
which is shown in this figure keeps the bar roller 
on the cam. This rest is normally used for straight 
facing,* whilst the other rest is normally used for 
plain sliding. A supplementary, bacli-arm is also 
provided. 
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The (aim drum derives its motion from a small 
pulley whieh is mounted on the driving-pidley sjiaft. 
The drive is continued throuKh a belt working on a 
pulley on a shaft whic.h carries a worm, and 'this 
worm iictuates aworm-whea;! cut directl>‘in the cam 
drum. This is the direct drive, and is used to return 
the rests; the feeding drive is through gisiring (Fig. 
06), which is put into and out of action by means 
of clutches. The^tormer drive gives a higher speed 
of movement than does the latter. * 

The tool ho.\es on the two rests are of massive 
construction, and carry from 8 to 12 set-screws each 
foi- holding the tools in position. A maximum of 
4 tools can he held in the tool-hox of the front rest, 
and a maximum of 0 in the back-rest. Thus 10 
tools can be arranged tor simultaneous operation. 

The automatic lathe is essentially a second-oper¬ 
ation machine—that is, one in which work, which 
has been partly machined from the rough casting or 
forging in a chucking or similar lathe, can Ire finished. 
This is specially true in regard to hored work. 



crTA?Ti-:K rx. 

I AT UK ACCESSOIilF.S. 

1. ('uNTItHS. 

MoDEiiN liilhc cKiitrati arc made of hif'h-j’rade oast 
steel coiitaiiiiiif' a medium percentaf^o of carbon, 
and havdeiiel ; iid temj)ei’od. They ai-e generally 
finished to size by grinding, and tnied up and 
shai'j)e,ied. Before the introduction and develop¬ 
ment of the modern abrasive processes, it was the 
usual practice to soften a lathe centre, whenever it 
leqiured truing nj), and do the truing up with a 
I aieng tool and file. The centre had thou to be 
rehardened and rotempered, there always lining pres- 
eiit -hi these operations the risk of distorting the 
Centro and loij ling it of the truth given to it in the 
machining operation. To lay they are trued up 
either in situ by means of a portable grinder or in a 
grinding msMjhine fitted with a special attachment. 

An ordinarv engine lathe carries two plain centres^ 
one—a live or rotating centre—in the drivinj-head- 
stoiik spindle, and the other—a^lead or non-rotating 
centre— iiv the loose-head#tock mandrel. Bitch is 
provided with a tapered shank which fits in a tapered 
socket, and is held therein hy*a purely frictional 
force. The total taper w'hioh *s adopted for the 
centre sockets and shanks vjirie# fairly considerably, 
; ( 1 :^ 5 ) 
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ranging from 1 in 32 to 1 ig 8. These are the ex¬ 
treme limits, however, the usual taper adopted lying 
between 1 in 24 and 1 in 16. The Morse taper, 
which is approximately 1 in 20—though this varies 
with the mimbei' and length of the tapai—is very 
common. In any works it is very desirable to have 
all the Jathe centres with a common taix'.r so that 
they will be interchangeable. 

The jioint angle of lathe centres varies from 60° 
to 90°, such angles as 75° and 80° in addition to the 
above being in use. This is the total angle measured 
on both sides of the centre axis. The blunt angle of 
90° is the old English angle, whilst the fine angle 
of 60° has been the standaixl American angle for 
years. There does not appear to bo any real reason 
why such a blunt angle as 90° should be used, even 
in the case of the heaviest lathes, and, hence, standard 
English practice is gradually undergoing a change," 
and the 60-degroe angle is being slowly adopted for 
light work. Proltably another reason for this is to 
be found in the extreme facility of forming centre- 
holes by means of combined centring and counter¬ 
sinking drills, which are not made for 90-degree 
holes. Eor heavy work the use of a 75-degree 
centre is recommended. 

On^ form of the ordinary or plain centre is 
represented in Fig. 68. The tapered shank and, the 
point are connected \ogether by a parallel body, on 
which two parallel flats are machined. These flats 
are used in conjunction with a spanner or wrench, 
to twist the centre put of its socket. •' 

Another form of ,the plain centre is shown in Pig. 
69. On this form there is no parallel connecting 
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body, the shank and thj {mint merging i into each 
other. Centres of this form have to he knoetcd out of 
their sockets, either by moans of a har (in the driving- 
hoadstock spindle) or by mejinsot the looso-lieadstock 
mandrel scr(wv. To prevent the small end of the 
shank from being damaged and burred over (and so 
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affecting the fitting of the shank in the socket), a 
{larallel tail is fumed on the centre to receive the 
blows or the a{iplioation of the ejecting force. 

Tn Fig. 70 is illustrated an ejecting device in w’hich 
a oentro of this form is used. The centre is carried 
in a ta{)e.i*ed sleeve which fits in the spindle socket. 
In the, smaller end of the sleeve is fitted a loose 
plug »vhieh is pievented from slipping out by a small 



Flos. 70 luul 71.—Devices for ejecting centres. 


pin. The head of this plug receives the blow, Jud 
transmits 'Ae force to the centre. ^ In this way the 
oentrj is eject^ without dam£||ge to itself. 

Another way oi ejecting a centre involves the use 
of a tommy har or wrench in a diametral hole in the 
shank oAhe centre, as shown in Pigf. 86^ and 87. 

The centres of large lathes,are*usually ejected 
by means of nuts, whiclf work on threaded shanks 
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(Fif;. 71). The nuts used are either of the hcxaf'onal 
or lluted circular To eject the ccntie, the nut 

is screwed up against lh(! nose of the spindle or 
mandrel, this ac.tion producing the desii'ed outward 
inovernont of the centi'e. 

The reduced centre, as represented in Fi|'. 7l!, is 
to support work of a small diameter. It is only used 



l'T(i. 73. nuIaraMl-point 
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in the loose-headstock as a dead centre, and its form 
is such that the tool, when woi-king at that end of 
the work, is not fouled hy it. 

In Pig. 73 is shown a centre with an enlarged point. 
This form of centre is suitable for the supjiort of 
work of moderate diameter, whose ends require 
facing, ff the diameter of the mouth of the centre 



Fill. 74.— Half fipiitre. Fiu. 7*5.- -Itall centre. 

hole in the work is greater than the diameter of the 
slwulderof the centre, it is always po.4sible to face 
the end of the work completely. Another point to 
observe in connexion with this form of centre is that 
the amount of grinding involved in the truing-up 
and shaqieningjof the point is mlich leas than with 
a full-point centre. 

The half or yut-away centre, which is represented 
in Fig. 74, is another form of centre which is available 






TiATHF, AWESROnTEf? 


139 


for this kind of work. Tljc jioint of the coiitre is al¬ 
most ruduoiid to one-half hv th(!removi'l ol 'no metal 
on one side of a plane which is parallel to the axis of 
the contre. When the. centre is in actual use, the 
cut-away past is on the tool side—i.e. on the fi’ont. 

A spherical form of centre is shown in Fi". 75. 
The point of this centre isprovided with a sphericid end. 
The centre hole in the work when such a centre is 
used should, perferahly, he also sjiherieal—say, ht .'ui- 
sphei'ical—thouf'h, if the operation to he pei formed 
on the work is a parallel-turninf; or screw-cutting 
operation, the conical form of centre hole would 
serve. For taper-turning with the looso-headstook 
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set ('ver, however, hemispherical centre holes should 
he tised* as, by this moans, all errors duo to axial 
obliquity are avoided. 

Oup centres are not provided with pointed ends, 
but with centred ends. The form shown in Fig. 76 
contains a plain couicaf hole (with an included angle 
of 60°). It is serviceable in cases whore worl^ of 
such a small diameter that it cannot be satisfactorily 
centred, has to be supported. Th#end of the work 
is placed in the hole. 

^ slightly diffeteut form is indicated in Fig. 77. 
The hftie in this consists of two jrarts, a tapered 
part (having an included angle of 60°), and a smaller 
parallel part. In fact ^he hofe is exactly like the 
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standard teutrs holes lormod in the ends of work. 
Pointed work, like twist-drill blanks, is supported in 
.such a centre. 

Another form of cup centre (with a hemispherical 
hole) is rei)resented in Fif^. 78. It is' suitable for 
the support of medium-sised work with rounded 
ends." A variation of this is in the substitution of a 
euiwe of anothei' shape for the sphere. 

The lubrication of centres is an important matter, 
since the pressures to which they are subjected may 
be considerable, and to give satisfactory sei-vice they 
must necessarily be capable of being used without 
either scoring the centre-holes of the work or l)eiug 
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themselves scored. This, of course, only applies to 
non-i'otating centres, running or live centrek'' ordin¬ 
arily being non-lubricated. 

The usual method of applying the lubricant— 
which should be a high-grade machine oil—in cases 
where the centres are solid is to put a little oil in 
the centre-hole of the work before the centre is put 

•I 

in, and to replenish this by slightly easing the centre 
back and dropping or pouring oil on the centre. In 
the case of targe cenffres and heavy 'work, a 'solid 
form of lubricant, such as tallow, is used initially_.in 
the centre hole.. This gradually melts as the tem¬ 
perature of the centre rises, and it is supplemented 
by machine oil, the flow of which to the point of the 
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centre is assisted by oni! or more lubricating chan¬ 
nels or grooves cut in the surfao(! of tbts hole. 

It *8 possible, however, to su])ply the luluicant in 
other,ways. One way is indicated in Fig. 78. This 
involv(!S thi^use, of two small holes in the centre, 
one parallel to the axis, and the other at right angles 
thereto and running out into the shank. Tlje two 
holes meet in the centre and form one continuous 
channel from the shank to the point or bole oi '.he 
centre. A I'liig is used to keep ciirt out of the 
channel. Ordinary machine oil is fed into the 
channel pcriodicully. 

Another mediod is to have a narrow longitudinal 
slot in the point of the centre, this slot running into 
the shank where the oil is supplied. The edges of 
the slot hiwe to bi! slightly lounded to prevent them 
from having a ixMiming effect on the surface of the 
centre hole. 

-in improved mcthcxl of lubrication is represented 
in Fig. 79. In this method a screw-down forced- 
feed liihricator used in conjunction with a right- 
angled channel leading to the centre point. If thick 
lubricant is used, this method gives satisfactory 
results. 

Another method—though one which is not al¬ 
ways possible— is to supply the lubricant by nreans 
of a forced feed through a longitudinal channel in 
the headstock mandrel and centre, the lubricittor 
beiilg mounftid on the tail-8nd of the mandrel. 

, Large centres have to be used for the support of 
pipes Sand other pieces of hollow work, whose 
internal diameters are greater than thfr diameters of 
standard centres. These are of two kinds; the non- 
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rotating, solid kind, and tho rotating kind. The 
general form of the lormor is indicated in Fig. 80. 
The point may be either a full cone or a tnincated 
cone (as shown hy the dotted lines), though „there 
docs not ap])oar to Ik) any scoi)e for the a])BX of the 
full coiK!. The use of this kind of centre, however, 
often nroducps objectionahle results, especially when 
the hore of the work is not quite smooth and the 
end not quite square with th(i axis, as is frequently 
thi! ease with rough castings. In sifch cases the 
work does not ride everdy on the centre, aud exces¬ 
sive frictional resistance is thereby set up, heating 



and scoring of the centre, and heating and cx])ansion 
of tho work thereby resulting. 

Tho rotating centre possesses none of these un¬ 
desirable features. Tt exists I'n two forms, which are 
represented in Figs. 81 and 82. Tho plain form, which 
is shown in the former figure, consists of a steel Ijody 
with a tapered sha.ik and a tapered or parallel point, 
on which revolves the pSint proper. When the b6dy- 
point is parallel, the thrust is received by one or two 
washers, whilst, in the form indicivted, it is rs'ceived 
partly by theoonical surface and partly by the normal 
thrust surface of the Itody. The journal and bearing 
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suvfiiues arc lulivicated in ,the maimer shown, lubri¬ 
cation jovolvinn no alteration of the ad’ustirent of tins 
centre. A screw prevents the point from leavinf; the 
body.* 

The form ^diovvn in Fin. 82 is a decided im- 
prove.ni mt upon the aliovc. The thrust in thi*' case 
is received liy a rin;; of halls, and l!ie trictioi^il re¬ 
sistance is thus considerably reduced. 

Voe-ceutres are used for su])f)ortin|r work ana 'St 
the cuttiiif' iietion of a drill or similar tool when 
the laltcr is driven ami the work is held stationary. 
They are {'encial'y held in the loose-head stock 
niandicl and the vee runs at rif’ht anj'lcs to the lathe 



Fill. S2. —ltnta.ting pipi'-crntn*. 
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axis, so that holes can he drilleil at l ifiht angles to 
the axis of the, work, and faces nilled parallel thereto. 
They are chielly used lor work of circular section. 


the total angle i.f the vee ranging from 45" to 90" 
(Fig. 83). For the support of large work, the centre 
is provided with long arms, whilst, in certain sgiall 
forms, Ihe part carrying the vee is able- to swivel on 
the laxly of the centre. 

Centres are*also used to form centre holes in work, 
and to start the holes for drills. Ji’or this kind of 
work {here arc several forms avaiable. The one 
shown in Fig. 84, and known as tlje countersinking 
or centring centre, is the com'monest. It is either 
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exactly a halt centre or a little less than this. The 
latter torm possoaacs the better outtint; qualities. 

The square centre (Fig. 8r)) is another form. The 
j)oint of this centre is a square pyramid in place of 
the right cone of tlio ordinary centre. -The edges of 
the pyramid act as the cutting edges. Their action 
is, however, more or less imperfect, since they act 




St lied S.'). Centring and wiuaro cenlrpH. 
with a very largo amount of negative rak(!, a condition 
which is never associated with good cutting qualities. 

A slight variation of this form is shown in Fig. 86. 
Kach pyramidal surface is cut out or fluted to lessen 
the amount of work involved in resharjrening the 
centre. The angle of the hole formed by this kind of 
centre is the angle between the opposite edges and 
not that between the opposite faces. 



Flos. Rft and 87.—Fluted eentres. 

The fluted-point centre for centre drilling and 
countersinking is represented in Fig. 87. Tn this 
case the point of‘the centre has from 8 to 12 inclined, 
tajxired flutes, these I'orming the sam^e number of 
cutting edges. Unless the flutes are fairly deep 
—^which is not usual, however—the cutting edges 
cannot be equipjred with positive rake, and unless 
the point is specially ground—which, again, is not 
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usual—the cuttinf; edges; cannot be provided with any 
clearance or relief. 

The square centre is also available as a driver ol 
small-diainetcr work or work on which a very light 
cutting operation has Ui he performed. A pyramidal 
hole has to be formed in the end of the work hj means 
of a punch before the centre can be used, ki such 
a case the work can be machiiied from end *o end 
without having to be reversed. 

U. Dbivino OB Catch 1’iates. 

A driving o- catch plate is used to drive work which 
is mounted between lioth centres of a lathe. It is 
usually screwed directly on or in the nose of the 
driving spindle, some part of the plate—either the 
back face of tne boss or a shoulder in the bore- 
pressing against a collar or shoulder, which thus 
talcs the cutting thrust. Tlie thread of the screw is 
thus protected as much as is possible from the influ¬ 
ence ef the cutting forces. 

The connexion between the work and the driving 
plate is a carrier or dog which transmits the driving 
power to the work by means of frictional resistance 
produced by the ap^ication of a pressure exei-ted 
through one or two screws. These press on the 
work either directly or through clamping plates. It 
is obvious that there is a limit the size of carrier 
from the poiot of view of handling, and a limit to the 
power which sqph a form of driver is capable of 
tfansqjitting. It is for these re^ns that driving 
plates proper are very rarely made of a larger di¬ 
ameter than 14 inches, though ifliproviaed driving 
.*10 
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plates ot larger diameters are.readily made from large 
face-plates. 

. There are, in general, two forms of driving plate: 
the pin plate, and the slotted plate. The former is 
used in conjunction with straight-tailed carriers, and 
carries one or two driving pins which project from 
its froKt face. The latter is used to drive carriers 
with hent tails, and contains one or two radial slots, 
in which the tails of the carriers fit. 

A common form of pin plate, which is found on 
engine lathes, is shown in Fig. 88. In the plainest 



form one pin only is used and this is held in a hole 
near the periphery of the plate. No other hole is 
provided, and the position of the pin is, therefore, 
non-rdjustahle. This condition is sometimes ob¬ 
jectionable, especially when it is desired to ,use a 
small carrier on Slnall-diameter work. In such a 
case it might not be ‘possible to drive the small 
carrier, and a la^rger one would, thus, have to Ijp 
used. To obviatr such trouble a second holeman be 
provided nearer jihe centre of the plate, in any one 
of the positions A, B, 0 (Fig,. 88). The pin can then 
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be moved {rom the one to the other as «ircumstances 

r 

require. 

'fherc are several designs of pin in use in ordinal 
practice. The one shown in J’ig. 88 is provided 
with a shpulder, which is screwed up against the 
face of the plate by means of a tommy wrench or 
bar fitting in a small diametral hole in a ijpUar on 
the pin. A slight variation of this is the substitution 
of two parallel flats on the collar for the tomm; hole. 

Another form of pin is shown m Fig. 89. This 
is held in place by a nut at the back of the plate 
and, to prevent the rotation of the pin when the nut 
is being screwed on it, the pin has a square shank. 



Though the above are standard forms, they are 
defective inasmuch as the length of the projection of 
the pm from the face of the plate is invariable. The 
two forms represents in Figs. 90 and 91 do not 
possess this defect since, in each case, the pgsition 
of the pin in the hole can be varied. In the first of 
these two forms the pin is secuivd by two nnts, one 
on each side of the plate. The screw thread extends 
a distance of about two-thirds of the total length of 
the {tin. In the second form th4pin is quite plain, 
and an easy ^t in the plate. It is held in place by 
a grub screw, this mc^e of securing the pin admit- 
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tiug of a very ready adjustment of position. A 
slight variation of this is in the elimination of the 
grub screw,and in the mak¬ 
ing of the fit of the pin 
in its hole a good driving 
fit, so that adjustments of 
position have to be made 
by striking the end of the 
pin with a hammer. This 


i 


Eio. ill.—llriving.plate pin. 


is, however, inferior to the other, since the repeated 
use of the hammer damages the end of the pin, and 
causes it to bulge out. 

The siugle-pomt drive is not satisfactory for ac¬ 
curate or fairly heavy work, because during each re¬ 
volution of the work there are two reversals of stress 
and deflection due to the cutting forces. This defect 
is eliminated by the use of the two-point, balanced 
drive. This drive is obtained by using two pinf 
placed diametrically opposite to each other, as shown 
at A and C or D and E in Pig. 88. The use of such 
an arrangement of pins involves, of course, thie use 
of a double-tailed carrier. 

This plain diametral arrangement is, however, 
very rarely the exact arrangement which is required, 
owing to the fact that it is very difficult to arrange 
the ^ork in the carrier so that both tails are 
disposed symmetrically with respect to the axis of 
the work. It is ndbessary, therefore, to adopt some 
method of adjusting the'position of on^of the ptns 
for the purpose of making the drive a truly balance^ 
one. The methods available are indicated in«'Pigs. 
92, 93, and 94. 

In connexion with the firsf method, it is evident 
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that tho adjustment is ^effected by movuig one of the 
pins in a radial slot or plongated hole ; whilst, in 
regard to the second method, a circular slot or oloff- 




Fms. 92 and 9S.—plotted driving plates, 
gated hole, concentric with the ^leriphery of the 
plate, enables this adjustment to lie made. It may 
be pointed out that the curved slot need not be 



Fia. 94.—Clements' driver. 

absoTlitely circular, nor concentri« with the circle of 
the plate, though this is the mqpt desirable condi¬ 
tion. Of these two method^ the radial-slot method 
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is the better'' of the two, sirco the adjtistable pin 
does not depend only upon frictional resistance, for 
its driving power, as it does in the other case. 

The arrangement represented in Fig. 94 is kno'wn 
as a Clements’ driver. The driver consiSts of two 
plates, one of which is mounted on the nose of the 
driving 'Spindle, whilst the other carries the two 
driving pins, neither one of which is separately ad¬ 
justable. The two plates are held together by two 
bolts, studs, or screws, but the fitting of these is 
such that, whilst the front plate cannot fall away 
from the other, it can move tolerably easily on its 
face. The screws are held rigidly in the back plate. 
Their holes in the front plate are elongated, as 
shown, to allow tor lateral movements of this plate. 
The line joining the centres of the two screws is 
exactly at right angles to the line which joins the 
centres of the two driving pins. In the older tormk 
of this driver, the driving force was transmitted 
through the studs or screws holding the two plates 
together, these screws thus being in shear. In the 
modern forms a diametral tongue of rectangular 
section is placed on the back of the front plate and 
parallel with the line joiniig the centres of the two 
screws, this tongue fitting in a corresponding groove 
or slrfi in the front face of the back plate. This 
tongue acts as the transmitter of the driving force, 
and thus relieves the scrtjws of practically all stress. 
Two sets of driving-pin holes are sometimes provided, 
as shown in the figure. ' 

The action of tffis driver is purely automatic, no 
hand-adjustment o! any kind being recruited. If, at 
■any time, only one pin is driving the work, this will 
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he reacted ’jpon by the resistance exsrted by the 
work, and constrained to move with the whole of 
the front plate so that the other pin and carrier tail 
get <nto driving contact. This dual contact is then 
maintained provided that the working conditions 
remii'n fairly constant. 

The ordinary slotted driving phte is repjesented 
in Tig. 95. The slot is a radial one which usually 
runs down almost to the boss of the plate, it is, 
therefore, possible to use several sixes of camel's on 



a plate of this description without having to make 
any change whatsoever. 

Two radial slots opposite each other are some¬ 
times provided. They are very rarely used in con¬ 
junction with double-tailed carriers for two reasons : 
flrsk very few double carriers with bent tails are in 
existence; and, second, it is alnost impossible to get 
a balaneeJ drive under ordinary working conditions 
• with a bent-tjtiled carrier. The slots are, however, 
freqTiently used to carry driving pins, in which case, . 
of course, iWs possible to get a balanced drive. 

In Tig. 96 is' Shojvn a form of driver which is 
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used on hand-turning and brass-iinishing lathes. It' 
is not exactly a plate, but a 'body which carries the 
centre and is serbwed 
on the nose of,the 
driving spjndle. The 
■actual driving ele¬ 
ment consists of a 
bent bar—which acts 
as a driving j)in,—the 
position of this in the 
body being adjust¬ 
able, so as to allow for different sizes of carrier. 



The bar is held in place by a set screw. 

In this case the ranning truth of the centre 
depends chiefly upon the running troth of the body, 
and the latter depends almost entirely upon the fit 
of the body on the nose of the spindle. 

When this form of driver is used on internally 
threaded spindle noses, the centre is formed on the 
body, and is thus solid with it. In such cases the 
centre points may be either fluted or smooth. * 

A centre driver is represented in Fig. 97. A 
driving pin of rectangular section is inserted in a 
milled slot in the shank of the centre, and held in 
position by a small grub screw. •' The end of the pin 
is approximately coincident with the point of the 
oentrej and it fits in a groove in the end of the work. 
As a driver for stg^ill-dianjeter work or work on 
which very light outting«operations hava to be per¬ 
formed, this form is superior to the, square centre, 
since the drive is a (nore positive one, and less ^kely 
to fail if the duty imposed upon it is increased. 

A driving element which forms a variatipn to the 
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pins illustratetl in Figs. 88-91 is indicated jti Fig. 98. 

It replaces the plain pin when it is necessary for 
precision purposes to connect the carrier rigidly to i 
the driving plate. The design of the element is that 
of a fork, ia v/hich two opposite sets of set-screws 
are situated. The tall of the carrier required in 


» 



I'm. !)7.—Crntrc driver. dog. 

such a case is flat, and this is pinched between the 
twe ' as of screws. The element is, of course, 
located in the hole or slot in the driving plate, as is 
the plain form of pin. 

3. (yARKIERS OR DoOS. 

A lathe carrier or dog is the connecting element 
between the driving plate and the work. It is used, 
in one form or anothir, in the majority of cases 
where the work is supported on the two centres. 
Practic 5 ,lly the only exceptions occur when a centre 
form of driver is employed. • 

Lathe carriers or dogs car^be classified in three 
diJerent ways: first, in regard to the method of 
seonrinjf the carrier on the work; ^ond, in regard 
to the number <jf driving tails; and, third, in regard 
tp the form of the tails, 
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The fir6t clasaification flilTorentiatcd between the 
acrew carrier and ttio,clamp carrier; the^aecond 
' between the aingle-tailed and the double-tailed car¬ 
rier ; and the third between the carrier with bent 
taila and the one with sti-aiglit taila. ^ 

The ordinary form of straight-tailed screw carrier 
ia repi'eseuted in I’ig. 99. The frictional roaiatance 
—which really constitutes the driving force to the 
work—ia oxar^ at three points, two being on the 



I'nis. 09 and 100.—Screw earners. 


carrier and one on the end of ^the acrew. The screw ia 
fitted in the head of the carrier, and is acrewed down 
directly on to the work. It may be either a headed 
or a headless screw, the latter of these tvao forma 
being preferable, ^ince it does not project beyond the 
head of the earner and prove an element of danger 
to the operatoj of the machinoi Headed screws 
may have either square (Fig. 99) or HBxagonal 
heads, these being tightened up by« means of span- 
.ners, wrenches, or box-keys, or round heads, with 
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tommy-wrenclf holes (Fig., 103). The htaSlsss form 
of scre^ (Fig. 100) has either a blind square or hex¬ 
agonal hole in it, and to tighten this up a eorre- 
spondfngly shaped plug key is required. The point 
of the 8cre\^ should, ^ preferably, be re<luccd in 
diameter, as shown, and hardened. This prevents 
the end from being upset by the repeated pressure- 
applications. The section of the body and tail is 
either circular^ (Fig. 99), a flattened qyaj (Fig. lOO ) 



Fios. 101 and 102.—Screw carriers. 


square, or rectangular.(Fig. 102), the second and 
fourth being slightly superior to the others, since, 
weight for weight, they are much stronger. In'the 
case of* the second a flange (Fig. 100) is sometimes 
formed on the^inside of the bq^y. 

In Fig. 101 is represented a two-scrow or four- 
pdlnt carrier. It is stronger and tas greater grip¬ 
ping power than the single-screw fflrm. The screw 
axes are dispos^ at an angle of. from 60° to 90° with 
respect to each other. 
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The teil of a carrier is ordinari'y immediately 
opposite the head, but in one or two rather excep¬ 
tional cases this condition does not hold. In one 
form—described as a safety carrier—^the tail is bent 
round so as to cover the head of the s^srew, and the 
drive is then at the screw end of the carrier. The 
objeQt of bending the tail round is to cover the pro¬ 
jecting screw head and reduce the risk of danger; 
this object .can, however, be realised quite as effec¬ 



tively by the use of a headless screw. In the case 
of the double-tailed carrier, nowever, it is necessary 
to dispose the tails in positions other than that which 
is immediately opposite the head. The oommonrat 
arrangement'is ixlicated in Fig. 102, the two tails 
being opposite one another with respect to the body 
of the carrier, but not necessarily exactly so with re¬ 
spect to the wojig held in the carrier. 

The ordinary form of bent-tailed,carrier is repre¬ 
sented in Fig. l03.‘ This carrier is usually a solid 
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steel forging—as all carriers should be—though, in 
one or two cases of light carriers, the tail is either 
screwei? or riveted in the boJy. Carriers with two 
bent tails are very rarely used. 

The three-point drive is obtained, as shown, by 
utilizing the edges formed by the intersection ot the 
large circular hole in the My and a much sutler 
one at the bottom. The usual shapes of the body 
hole are indicated in Figs. 99 to 102. ^ . 



Figs. 104 and 105 .—Screw carriers. 


A special form of straight-tailed screw carrier is 
shown in Fig. 104. Afthough it possesses only one 
screw, the drive is a four-point drive, this being^ob- 
tained |jy the use of a shaped sliding die which is 
pressed directly on the work by msans of the screw. 
The die may work in guides, ifk shown, and be separ- 
atg from the screw, or it may be attached to the 
screw by a small grub screw, flttiijg in an annular 
groove in the end of the holding-in screw. 

This form of carrier i^ useful in cases where it is 
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desired to connect the driving plate ppsitively to the 
carrier. This can be done by inserting the pin in 
the slot, A, in tho addfdonal tail. The other tail is 
for an ordinarj' drive. 

Screw carriers are also made of the adjustable type. 
One form of such is indicated in I’ig. J 05. In this 
case the body is open. Prom one end the tail pro¬ 
ject^ whilst at the other a swinging arm is hinged. 
The free end of this arm can be placed in any one 
of a number Oi vee'd gi-ooves in the face of the body, 
and lodged therein, the work being held securely be¬ 
tween this arm and the end of the holding-in screw. 



Fio. 106.—Clamp carrier. 


In another form the tail is loose and capable of be¬ 
ing fitted on any of a number of pairs of notches on 
the body, so that adjustments are effected by moving 
the I tail. All carriers of this type are, however, de¬ 
fective, inasmuch as they have a number of un¬ 
covered projecting parts. 

Clamp or pli^e carriers are, generally, much 
stronger than screw carriers, though they are usually 
much larger and used, therefore,,in connexion with 
heavier work. .They are of both the single- and 
double-tailed foms, but the latter form is by far the 
one more commbnly, employed. Also, both bent and 
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straight tails j,ro used on them, of these the latter 
being considerably more ilsed than the oth'T. 

A li|[ht form of clamp Cilrrier is represented in 
Fig. 106. The drive in this case is a four-point 
drive—this huing characteristic of clamp carriere,— 
the four points being provided by the edges of two 
curved grooves in the clamp plates. In place of the 
curved grooves, vee-grooves are frequently iound, 
whilst in some oases the grooves are dispensed v th 
entirely, and the plates aie shaped lo'flf the contour 
of the work. The two plates are diuwn towards 
each other by moans of two set-screws (with either 
round, square, or hexagonal heads), w'hich point in 
opposite directions, and are screwed into the opposite 
plates and clear in those on which their heads bear. 
It' this case the tails arc extensions of the plates, 
either solid with them or screwed into them. 

• ^ stronger form of clamp carrier is indicated in 

Fig. 107. The two plates are drawn towards each 
other by means of two l)olts 


and nuts, and the tails pro- I I 

joct from the middle parts j | 

of the two plates. The com- 

biried plates and tails are [| | i M 

solid steel forgings. * B 

Another form consists of rfl— 

a right-angle bar with a (I jl'x. 
longitudinal slot in each of n T 7 M 

the "two arms. A strap • ™ II ® 

bolt is used, the J,wo ends „ 

• . . , , Fig. 107 — Clamp carrier, 

of this^assing through the » 

slots in the ba|j. Nuts and washers placed on these 

ends complete the equipment. • Th? work is gripped 
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in the space between the bar and the bolt, a four- 
point drive resulting. In another form, a U-bolt 
; in the body of the carrier draws up a sliding die, be¬ 
tween which and a vee in the body the work is 
secured. • 

All the above forms are more suitable for the hold¬ 
ing otparallel work than that of tapered work, though, 
where the degree of taper is slight, there is not, 
usually, any real objection to the use of any of them. 
A form of carrier which is, however, e(jhally service¬ 
able in the two cases is represented in Fig. 108. 



The bolts which are used in this case are eye-bolts 
and are hinged about the axis of the tower plate at 
A and B. It is thus possible for the two plates to 
occupy positions which are inclined to one another, 
and,, to change these positions more or less auto¬ 
matically. 

In Fig. 109 is shown a form of carrier which is suit¬ 
able for the gripping and driving of thread^ or 
screwed pieces of work. The usual method of ft- 
ting a piece of trass tube round the threaded part 
and using an ordinary screw or clamp carrier is an 
execrable one, and in'up-to-date works should not be 
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tolerated. Hhe method ^luetrated here In vastly su¬ 
perior. Thq carrier, which^may Iw either straight or 
bent-failed, is provided 
with a split head, 
through which passes 
a olosing-in sot-screw. 

The body of the carrier 
is circular, and carries 
a circular hole, in which 
any one of a number of 
split threaded dies may 
be inserted, and pre¬ 
vented from rotating 
therein by a grub- 
screw, A, the inner end 
of which enters a longitudinal slot in the side of the 
die. The operation of closing the body in on the die 
also causes the die to be closed in on the work. A 
carrier of this form must, of course, be equipped 
with dips of different thread diameters and pitches, 
if its use is to be fairly extensive. 

4. MandhbIiS. 

When work which ^s hollow has to bo driven in 
a lathe so that practically every part of its exterior 
is acoessiblo to the cutting tool, it is neoessa^ to 
mounUit on an element which is known as a mandrel- 
Usually the mandrel has toJ)e placed between the 
two cfeutres and driven by a carrier from the driving 
plate, but a mandl'el may also be u^ to carry work 
when driven directly from the diiving spindle or 
from a chuck. * . 

Mandrels are also used on other machine tools, 

• n 



work. 
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such as mHlinR machines, shapers, slottos, etc., but 
their distinguishing characteristic is found in the 
‘fact that they carry work pieces. 

There is, however, some little confusion here. 
Mandrels are often referred to as arbors, but such a 
description is not quite coirect, there lieing a well- 
delined distinction between these two machine-tool 
elements. An arbor carries rotating cutting tools in 
almost precisely the same manner as a mandrel 
carries work pieces, and it is not correct to use 
the two descriptions interchangeably. 

The simplest form of mandrel is a piexie of wood 
turned very slightly taper, on which the work is forced. 
Accurate work cannot, however, be done by such 
means; hence mandrels are made almost universally 
of metal, and chiefly of iron and steel. 

Metal mandrels may be divided into the following 
classes: solid mandrels; self-tightening mandrels; ad¬ 
justable or expanding mandrels; nut or threaded 
mandrels; and special mandrels. 

The solid mandrel is a plain bar of circular section. 
It is slightly tapei'ed from end to end, the degree of 
taper amounting to about O'Ol inch per foot length of 
mandrel, measured on the diameter. It exists in two 
forms: the unhardened and the hardened forms. The 
fonjier is usually an improvised mandrel, but it should 
very rarely be used. Its condition, it is true, lends it¬ 
self easily to a ohahge in diameter, though where there 
is a slight variation in the diameters bf the holes of 
work pieces, it is far better to employ some form,.of 
expanding or aiijustable mandrel. The latter is 
usually a standard mandrel, and aa such is made 
of hi^-oarbon crucible stgpl, hardened, and ground 
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accurately to'sizo, whereas the unhaiden’eil mandrel 
—W'hjpli may he made of r, cheaii ^rado of iron oi^ 
mild steel—is sometimes never even linish-turned. 

A standard mandrel is made of a standard nominal 
diameUir, so that it ciin he used in conjunction with 
standard holes. The diameter at oni> end is less than, 
and tlie other f'reater than, the nominal diamei«r, this 
latter occurring near the middle point in the leo.oth 
of the mandipl. 

The two ends of a solid mandrel—and the two ends 
of the bodies of many other forms of mandrel—should 
be reduced in diameter below that of the hearing part. 



and eiich should have a flat machined on it (as shown 
in Fig. liO) to take the thrust of the carder screw. A 
centre hole is carried in«each end, the axes of the two 
holes licing coincident with one another and with the 
axis of tho mandrel. These holes usually hav* an 
iucludifl angle of GO’, this angle riming intoa small, 
parallel pilot hole, whi'-h carries lubricant and pro¬ 
tects the extreme point of the centre. Tho mouth of 
th« centre is either chamfered or eu|vod slightly, or 
tho end of the mandrel is slightly racessed, the ob¬ 
ject of this boin^the protection pf tl» centre hole, as 
any damage to the surfaoS of this would lead to the 
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production of inaccurate work. If, in" spite of this 
^precaution, the centre hple is damaged in any way, 
it should be lapped out carefully. One form of lap 
which is suitable is shown in Vig. 111. It consists 
of a lead or copper conical head screwed on a steel 
shank. The total angle of the cone must, of course, 
be equal to the total angle of the centre-hole. By 
moans of this tool and a lapping compound (such as 
finely sifted high-grade emery and oil) any unevenness 
of the surface of the centre-hole can be removed. 

A solid collar mandrel, which is used to carry work 
having a large hole, is indicated in Fig. 112; whilst. 



in Fig. 113, is shown a solid stepped mandrel, which 
is available for a number of diameters of hole, pro¬ 
vided that the work pieces are comparatively narrow. 

Two forms of self-tightening mandrel are repre¬ 
sented in Figs. 114 and 115. In each case the fit 
between the body of the mandrel and the work is a 
close push fit, whf.reas that which occurs in the case 
of the solid standard mandrel is always a driyipg fit. 
A longitudinal pin fitting in a ,vee-groove in the 
surface of the bedy is used in the case illustrated! in 
Fig. 114. .When any alight movement of the work 
relative to the rdandrel occurs, the ^in is caused to 
cfove and wedge itself in tfi,e space between the work 
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and tho mandrel. In the other case, any relative 
movement between the two chief elemcj'ts causes 
a segmental insert to wedge* itself in between them< 
Self-tightening mandrels are, however, open to the 
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objection that, if the lit between tho hole and the 
body is not a close one, the action of the wedge 
causes the axes of the work and mandrel to become 
non-coincident, and the work, therefore, to be turned 
eccentric. 
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o s Fkv 115.—SUl-tigbteaing mandrel. 

^Adjustable or 'expanding mandrels are many 
and various. Their chief provinc4 is in the carry¬ 
ing of work pieces which have holes of slightly vary¬ 
ing diameters. In casej wherh the exact diameter 





of the hole is of no matcriaHmportance, their work 
is quite legitimate, but as substitut(!3 for solid 
tnaudrels they have no place. 

Tn Fig. 116 is shown a simple form of expanding 
mandrel. It consists of a tapered body which 
caiTies a closely coiled spring. The spring is 
tapered internally but parallel externally, and any 



t'Kis. IKi and 117.—E.\rminliiix mandrels, 
longitudinal movement causes it to expand or con¬ 
tract on the Ixidy. 

Another simple form is indicated in Fig. 117. Tu 
this case a split sleeve fits on a tapered body, and 
longitudinal movements cause the sleeve to open or 
close, that is, to expand or contract. Q’he sleeve is 
split from the outer surface to the hole in one plaite, 
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and < about half-way through in two other pianos 
each disposed at 120“ to the first. An clalxjration 
of this principle I’s indicated in Fig. 118. The 
sleeve in this case is split longitudinally in sbveral 
places, but not quite from end to end as in t);ie 
former case. She slits are arranged alternately 
from each end aqd terminate in small holes. Such 
a sleeve, when properly hardened, is highly elastic. 
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The Nicheliion expan^ding mandrel istiepresentcd 
in Fi^s. 119 and 120. This mandrel consists of a 
grooved body, with four sfiding jaws fitting in th« 
grooves, which arc slightly tapered at the bottom. 
Ttiese "jaw^ are held in the grooves by a loosely fit¬ 
ting sleeve which, as it is moved on the paiiillel Ixxly, 



I’m. ]30.—Nicliolson eccentric mandrel, 
carries the jaws with it and causes their outer faces 
to move towards or away from the axis of the man¬ 
drel. Its actual diam(!ter is thus altered slightly. 
In Fig 120 is shown the case of a mandrel of 




Eios. 121 and 122.—Expanding mandrels. ^ 

this form—adapted for the carrying of eccentric 
work. Special ends are provSed, and these are 
arranged wi^ two sots of centre-holes, the distance 
between the axis of one of the sets and the axis of 
the mandrel being equal to the eccentricity required. 
In the figure, represents the a]iis of rotation and 
the axis of the oxternal«oiroumference of the work. 
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The mandrel shown in Fig. 121 consists of a 
threaded shank, on which a body with throe evenly 
cpaoed tapered grooves is mounted. In the grooves 
fit three sliding jaws, which are moved longitudin¬ 
ally by moans of two nuts. An improved form is 
that shown in Fig. 122. In this ease part of the 
mandrel acts as the driver, and the application of 
the driving force tends to increase the grip of the 
mandrel in tho work. A somewhat similar form is 
shown in Fig. 123, but in this case the'grooves are 
formed in the threaded shank, and the nuts are 
recessed to prevent the jaws from dropping out of 
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the grooves. A still more elaborate design is repre¬ 
sented in Fig. 124. In this design the jaws are 
moved on a tapered body by a long recessed nut, the 
jaws being prevented from rotating with the nut by 
wardj which fit in grooves in the undersides of the 
jaws. A spring keeps the jaws on the body. ^ The 
jaws are stepped, two nominal diameters being thus 
allowed for. In another form shown "in Fig.'125, 
the jaws, which are three-stepped, are fitted iij 
inclined grooves {ji the body, and moved alctog in 
them by means of a recessed head.' , 

The expanding mahdrel indicated in Fig. 126 is 
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secured in th* tapered socket of the driving spindle 
of an engine or turret lalhe. The expansion of the 
split mandrel sleeve is effected by screwing up the* 
set-screw, in place of which a stud and nut would 
serve eijualfy well. 




Fias. 12t'> and 126.—Expandiiig mandrels. 

A mandrel for carrying a tapered or conical work- 
piece, such as a hearing hush, is shown in Fig. 127. 
Itf' ais case the taper of the mandrel must coincide 
with that of the interior of the work. Another 
method of mounting a work-piece with a tapered 




Etas. 127 and 128.—Mandrels far tapered work, 
hole IS indicated in Fig. 128. This method can also 
he used lor work-pieces with parallel holes of 
varying diameters. 

The nut driwe is also shown iiy Fig. 198, which 
represents an automaticslathe operation. 
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A mandsel for carrying nuts whict have to be 
faced is represented in I'ig. 129, One end is 
Ahroaded to take the nut, whilst the other is 
arranged with a flat for the carrier screw. This 
form can be slightly altered to fit it fer u3e in a 
chuck instead of between centres. A slight im- 
proverpent in the design of the threaded end is indi¬ 
cated in Pig. 130. This end is split orthogonally, 
and the fit of the thread made rather slack. The 
action of forcing the centre in the centre hole causes 
the four parts to open out slightly and grip the nut. 
For rough or black nuts with uneven faces the 
mandrel shown in Fig. 131 is suitable. It is 



I’ins. 129 and liiO.—Nat mandrele. 


provided with a washer on a spherical seat, this 
washer automatically accommodating itself to any 
irregularity of surface. This prevents the nut from 
being faced at an angle to its axis, a condition which 
obtains with an ordinary nut mandrel in such a case 
when the fit between the serew and the nut is not a 

I 

good one. 

Fig. 132 represents a form of mandrel which is 
suitable for the machinihg of concentricr piston-ifiigs. 
It is mounted directly on the nose of the driving 
spindle, and consi)tts of a stepped body and gripping 
sleeve, the ring being secured, as shoyTi, by tighten¬ 
ing up the nut. 
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5. Face-peates and Anglb-platj.r. 

t 

j,A(;p-plates are distinct^ from driving or catch 
plates, inasmuch as they are used to carry work* 
pieces bolted to them, either directly or indirectly, or 
to carry dog chucks ,or jaws (in the case of large 
lathes only) which grip the work. They ai-e mounted 
on the threaded nose of the driving spindle*in the 
case of small and medium-siEcd lathes, and attached 
to a flange on the end of the spiiidleRn the case of 
lathes having centre-heights greater than 111 or 14 
inches. 



Eio. lill.—Nut mamlrel. Fig. 132.—Piston-viUR 

• mandrel. 


They are ciretdar in form, and are of two distinct 
types: the small tjrpo, which carries holes and slots 
which pass right through the plate; and the large 
type, which contains*tee-slots in its front face, the 
hack being quite solid. Plates of the fprme^ type 
are vpry rarely made of a larger diameter than 27 
inches, whilst plates of the othe» type usually have 
dia'dieters which are greater than 24 inches. 

^ The dispositions of the holes and slots in the small 
type fit plate arc many and variojs. The slots may 
be either radial or parallel, and either long or short, 
whilst the holes may be rouJid or square. Three 





172 LATirfe 

commoQ atrangements are indicated in. Figs. 133 to 
135. The first is suitable for general work; the 
^cond for general and ‘angle plate work; and the 
third chiefly for angle-plate work. The clamping 
bolts are, of course, placed in the holes op slots. 

The tee-slots of the larger face-plates are also dis¬ 
posed jn several ways. They may be either radial 
or parallel, and either long or short. Parallel slots 
are, however,, necessary when dog chucks or jaws 
have to be carried, tongues or wards on the back faces 
of these fitting in the necks of the slots. In all 




Fios. 133 and 134.—I'soe-plates. 

cases, the tee-heads of the bolts should have a good 
fit in the slots, so as to make the hold as rigid as 
possible. 

Face-plates above, say, 12 inches in diameter 
should be provided with circular flanges and radial 
ribs for strengthening purposes. If this is done, the 
whole weight can *1)6 reduced without producing 
weakness. 

Large face-plates which are seeurbd to the flange 
on the end of the Ubadstock spindle are uBually"gear- 
driven, a spur or helical pinion meshivg with a spur 
or helical wheel secured to the, face-plate. The wheel 
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on tho plate <nay be either an external or, an internal 
one, and it may be aecu^ed to the piato l,y meane oT 
bolts or screws, or be solidVith it. * 



Pig. 13.5..—Face-plate. Fio. 136.—Angle-platr. 


.'\ngle plates are used to carry work which can¬ 
not be satisfactorily carried directly on face-plates. 
These plates, which are usually right-angle plates, 



"•> •Fio.s. ISi and 188 !—Angle-plates. 

»are bolted to the face-plates. Four different designs 
are Ihown in Pigs. 186 to 139J The first two are 
the ordinarjk forms met with, the curvature on the 
second being made tp suit the mrcunderenoe of the 
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face-plate. , The third form is more solid and used 
in conjunction with tee-heiuled bolts. The fourth is 
ji vee anglo-plitic, and ife useful in connexion with 
the drivinf? of work of irreipilar form, which has to 
bo bored or otherwise intei iially machined. " 

(i. Chucks. 

A chuck is a revolving vise, in or on which the 
work is held by fric¬ 
tion resistance, this 
resistance being 
caused by pressure 
exerted on the work 
through adjustable 
elements which arc 
permitted to move 
radially only. These 
elements may In 
k'la. 18‘J.—Angle-plate. screws, sliding jaws, 

or the several parts of split bushes, but they all 
possess the characteristic radial adjustment. 

Lathe chucks may be divided into three principal 
classes as follows:— 

(a) Self-centring or concentric chucks; 

(/)) Tndependent-jaw chucks;'and 
(c) Combination chucks. 

The first class comprises all chucks in whicb all 
the holding element*'or jaws move simultaneously 
towards or away from the centre; the Second tSStss 
includes ail chucks in which there is no connexion, 
whatever between ^e adjusting mechanisms ot the 
several jaws, so that any one jaw mj,y be moved 
without affecting in any way the positions of the 
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others; whils^f the third class oontaius those chucks 
of special design which 'can be use! as jithei- sclf- 
ceutiiS}' or indcpendent-ja« chucks, as desired —^ 
hence the description combination chucks. 

fio-calledi universal lathe chucks are of the self- 
centring type. They barry either three or four jaws 
which sljdo in radial grooves in the front I'ace^of the 
body of the chuck. The jnoveineuts of the jaws are 
controlled in at least tour diflerent ways. The tiist is 
by square-thloiided screws; the second ^)y a projected 
scroll; the thii d by a projected spiral; and the fourth 
by cams. 

A four-jaw screw chuck is represented in Fig. 140. 
Kach jaw has a back projection which fits inside the 
body of the chuck, this pro¬ 
jection having a threaded 
radial hole, through which 
pjisses a screw. This 
screw has bearings in the 
body, so that no longitudi¬ 
nal of radial movement of 
it is possible. Hence any 
rotation of the screw pro¬ 
duces a radial movement of 
the nut and the jaV to 
which it is attached. The 
four Jaw-screws are con¬ 
nected by a large bevel wheel oneircular rack which, 
repesing in an annular groove in the body, is in mesh 
with bevel pinions on tlu! screws. The l)ody is split 
about the axes of the screws, so tl^t the screws can 
be inserted in the Ixxly, the two parts being held 
together by set-screws. Each^aw-%crew has a square 



outer end, ,a chuck- or box-key being iwed on this to 
rotate the screws and mov^ the jaws. A cast-iron 
back plate is attached t6 the body ol the chiick for 
the purpose of eonnectiiif; it to the nose of the driving 
spindle. The various parts of the chuck m e made of 
steel, several of them of steel forgings, and some 
bardeijed. 

The distinguishing element of the scroll chuck, 
one form of which is represented in Fig. 141, is the 



Flo. 141.—Scroll chuck. 

scroll. In this form the body,, A, contains a plate, B, 
on the front face of which is formed a projected 
scroll of square section, the shape of the scroll being 
that of an Archimedian spiral. This plate is rotated 
with respect to the body in which the jaws, E, fit. 
On tl^p back of each jaw are curved projections which 
correspond to, and fit in, the spaces of the scroll. 
Since the basic principle of the Archimedian spiral 
is that of constant or uniform recessioil or applftach 
with respect to a central point, it follows that any 
rotation of the scfoll with respect to the body and 
jaws will cause the jaws to move radial^ and equally. 
A point to notice here is that,the radius of curvature 
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of the spiral is a constantly varying quantity, so that ’ 
the “fit” between the jliws and the scroll is more or 
less 'triable. The degree* of variation is, howeve^ 
in new chucks very' slight, and for each of the jaws 
practieally. the same. The scroll plate, B, is held in 
the body by a plate,* G, and rotated by means of a 
tommy ,or pin wrench working in one of the^tommy 
holes shown. B is the chuck plate or adapter. 

Another, and more common form, is indicai.ed in 
Pig. 142; In this case, the scroti *ptatc is fitted at 
the back as a ‘circular 
rack, in mesh with which 
are three or lour lievol 
pinions, so that the scroll 
is rotated by turning any 
one of these pinions. 

Each pinion is provided 
'^’i^h a blind square hole, 
in which a plug key is 

placed to turn it. This 

-2. t Fio. 112.—SoroU chuck, 
obviaifes the necessitj of 

having projecting square ends. The pinions and 
rack are held in place by a back plate, to which the 
threaded chuck plate is attached. 

The spiral chuck, "as made by Messrs. C. Taylor, 
Ltd., of Birmingham, is a decided advance up^n the 
oiiginal scroll chuck. In this case the projected 
spiral—which is also Arohimedian in character—is 
formed on an internal coni&l surface, as shown in 
Fig. 143, with a total ang'e of 120“’, the section of the 
scrolhbeing triangular, with an in|iuded angle of 60° 
and one edge^parallel to the axis. Fig. 144 shows 
the hack of the spiral plate, 4nd the arrangement of 
12 
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Ficr. Intorior of s])inil chuck. 
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th(! ;'eai'ing. J4r) represents one foltii ot this 

chuck, snitiit)l(' for sniMll-diauietcr bar work, wliilat 

• t * ^ 

the form shown in h’ij'. liC> is moi'c suitalile for lart>c- 
iliameter woik of no groat length. 

A i-occnt ^)rin of worju-aotuated cam chuck of the 
concentric tyiK) is indicated in I'lg. 147, The jaws, 
which art? three in nnmher, have back |)ioj(tctiftns oi- 



Pm. 14-t.—Spiral chuck. 

spigots avhich fit in eccentric slots in a cam plate in 
the body of the chuck. The c»m jilate is rotated by 
means of a worm in the body and a worm-wheel 
wWch is formed on the periphery of the plate. Any 
rotatory movement of the plate proSuees equal and 
simultaneous radial movements of the three jaws. 
Two-jawed chucks are*frequently of the selfcent- 
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ring type. * Fig. 148 rapr^ents one form of many. 
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employed, th^se meshing with threads on the sides 
of the two jaws, wliich slido in rodial plots. Hence, 
any riJtation which may Jw givoit to the screw 
produces equal, opposite, and simultaneous mlial 
movements (Of the jaws. 

Concentric chucks "of the split-sleeve typo are 
largely uged in turret lathes and automatic machines 
for gripping bars. They are also used in hollow- 
spindle engine lathes, especially of the tool-room 
variety. Tlfc methods of closing tfiem up on the 
Iws are several.* Those which are used on the 
former machines are semi-automatic or full-automa¬ 



tic, the principle of the inclined plane being generally 
used, whilst on the latter machines the movements 
are made by hand. Fig. 149 shows a hand-actuated 
split-sleeve chuck. It consists of a sleeve or collet, 
split for tiiree-quarters of its length in three or four 
plane^ uniformly disposed with respect to* each 
other, and fitting in a seating feymed in the end of 
the«4riving spindle o. in a TOimecting bush. The 
ends of the seating and collet are correspondingly 
faperad, so that, when the collet ^s drawn into the 
seating, it is caused to contract slightly and close 
upon the work. The drawing«in iS accomplished by 
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means of a threaded tube which, p!l,saiu}< throuf'h 
the spindle, is screwed on liie inner end of tlie collet. 
A turn of the h>.nd-whe*l attaclierl to this tub6 draws 
the collet in. \ key fixed in the seatin'; prevents 
the collet from rotatiu}; witli the draw-iu tube. In 
some cases the seatin'; bustii is sockf^ted in the 
spindle; in others, it is screwed on the nqpe of the 
spindle. 

The turret-lathe form of split chuck is usually 
arrau«ed so that the collet is forced outwards apainst 
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tlio tapered nose of a cap; whilst in some forms of 
drill chuck which contain split collets, a taper ended 
cap is screwed on tlie body to hold the collet in 
place on the work. 

Atj internal-stopped split ehuck is shown in Kg. 
150. Its princip.lo of action is similar to that pf the 
above. 

The collets of split clmcks—esixjcially of theltuto- 
matic typo—are fre(iuontly made 'in two or thre,p 
parts, these heingtformed by civrryiug the slit^ from 
end to end of the collets. 

Two forms of split *ood chucks are shown in Kg. 
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151. ]^or •occiwional work, in coiitMition with 
wiiich^ no fireiit (.h'nrw! of accuraoy is ruqiiiredi they 
lire snitaiile. They have, l!owovor,*to be carried i» 
universal jaw chucks, or socketed in the spindle and 
are, probalily, more of the niiture of mandrels than 
chucks. Each consists of a sleeve whose outer end 
is split tmifornily. The periphery of the end of the 
.'V form is slightly tapered, and on this fits .1 rii;% 
which causes the jaws of the chnclj do contract on 
the work when it is forced on in the direction of the 



Pill. 15;!.—liuhipemtiint-iaw (ihuiik. 


arrow. It is the hiterior of form J3 which is 
tapei-ed, and in this fits another correspondingly 
tapered sleeve, which cairies tlie work. Whjii the 
plugfeleevd is moved in the direction of the arrow, it 
is caused to contract 011 the wofik. This latter toim 
carThe used’also as a niauSrel tor hollow work, as 
indicated by the’ dotted linos. 

InSependont-jaw chucks workdalinost universally 
on the sorew»prinoiple, the movements of each jaw 
being controlled by a,separate screw. A common 
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form of guc^ a chuck is illustrated in Fig. 152. In 
this form each jaw is fixed‘in the chuck body by a 
lUut at the back, and this nut has to be released 
slightly before the adjusting screw can be used. 

Fig. 153 illustrates the application A thP same 
principle to the case of a two-jaw chuck. This form is 
commcvily known as a “ box chuck ”. r 



Fio. 153.—Pox chuck. Pro. 154.—Dog-chuck jaw. 


Dog chucks, which are built up on face-plates, (ire of 
the independent-jawttype. In this case, however, the 
jaws are usually placed fn bodies which nan be nsrved 
on the plate and removed when necessary. Face¬ 
plates to carry suqfi bodies must have parallel*slots. 
.Two arrangements of jaws are indicatqjl in Figs. 154 
and 155. In the formeh case, the back of the jaw acts 
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as the nut; ii>the latter, a special nut and ji^jiiiding plate 
are provided. A form dl screw-dog which is jnuch 
used on small face plates is Shown iit Fig. lo(i. It i% 
held in a hole of the face-plate by a nut at the back. 
The sclew Is used as a jaw to exert pressure on the 
work when used in conjunction with two or three 
others. • 



chuck jaw. 


Boring and turning-mill chucks are either %f the 
sdependent-jaw or dog-jaw tyj)g. 

Screws arj also used in ihe bell or cup chuck, 
vhieh is shown ^n Pig. 157. In this chuck either 4, 
i, or,8 radial screws may be used, these lying in two 
(lanes at right angles to the axis of the chuck. 
Ihough old it? design, this type of• driver is still un- 
urpassed tor certain Jtinds of work, such as short 
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work of a ipore or loss irregular shape en the end of 
which a facing or boring 0 |)ofation has to be performed. 
„ The jaws of lioth scrolhaad screw-controlled chucks 
are made to hold, externally, work of small 
or large diameter and, intcrriiilly, w6rk “having 
inedhnn-siiied and comparatively largo holes, ft is 
not pQssible, how'over, to perform all these with 
one set of jaws lilted in the chuck in one way; there¬ 
fore it is necessary to have the jaws reversible or to 
have an additional set. Scroll-chijck jaws are very 
rarely completely reversible—there is only one known 



Fig. l.'i?.- -licll or oup chuck. 


case of such -owing to the fact that reversal of the 
thi-eads on the backs of the jaws accompanies reversal 
of the jaws. The jaws of screw chucks are, however, 
usually reversible. To obviate the necessity of having 
to rotpove the jaw-bodies entirely, false jaws are some¬ 
times used. These are the stopped parts of the'jaws, 
and are attached id the sliding bodies. There are 
several arrangements in use; one is shown in^Pig. 
158. This method is also applicabfe in the case q( 
scroll-chuck jawsl. Another screw-chuck jaw de¬ 
vice for the same^purpose is shown jn Fig. 159. 

Slip jaws are frequently ujed on two-jaw chucks 
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(f'i}'. 148) for brass work, tbe slips Iwlng of various 
shapes to suit clilfercut iiiids of work. The hs(! of 
such slips extends the sphei-fe of nsefhlness of a chuci* 



Vm. l.W Had CIrack jaws. 


Tbe comliitiation chuck is of two forms. In one 
form, which is represented in Fij;. 160, the jaws are 
i* two parts, these being connected together by radial 



trolled by a scroll, which is actuated by hand from 
the back or through bevel or spur gearing in the chuck. 
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These constitute the self-centring e)pment. The 
front parts form the iiidejfendent element. • In the 
jpther forin, the ihuck ig of the screw typo, the cir¬ 
cular rack which connects the bevel pinions on the 
screws being capible of moving out of engagement. 
This movement is usually obtained from a knob on 
the body of the chuck. 



Fia. 162.—Oval or elliptical chuck. 


Dnll or wire chucks are occasionally used (in the 
lathe. These may be of the split-sleeve or sliding, 
jaw type, or of the form shown in Fig. 161. Iwlhis 
form sleeves of various sizes are used, and the drill 
or wire is secured by means of the set-screw. ■ 

All the above chucks are only capable of use when 
the work has to be machined concentric or eccentric. 
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\ chuck for ijiaohining oval or elliptical work is shown 
n Pig. 162. It is not exactly the v'se which grips 
he w6rk, but rather the mechanisns upon which the 
nse is mounted, and by moans of which the corn- 
lined Rotatory and reciprocating motion of the work is’ 
ibtained. The chnclt consists of an iron or steel body, 
which if mounted on the nose of the driving spindle, 
vnd which carries the slide to which the driving chuck 
)r face-plate is attached. This slide carries tw./ guu- 
netal or ha’rdoned steel segments or slippers which 
revolve round a’former ring which is secured to the 
ront of the headstock. The position of this former 
•ing h; adjustable horizontally, as are the slide segments 
when the slide is vortical. These two adjustments 
ire necessary when the ratio lietween the two diame- 
iors of the oval has to be altered. It should be 
loticed here that the ovals which are so formed are 
> .1 perfect ellipses, since they are derived from 
ihe circular motion of a point about the centre of 
•otation; nor is the oval quite symmetrical. The de- 
earture from p 'rfect .symmetry is, however, in most 
iases a negligible quantity. 

7. Dbivers for Wood. 

In general, the methods adopted for the driving of 
wood in lathes differ radically from those which obtain 
in ihe case of metal turning, the differend being 
largely due to the difference in texture of the two 
3 fll*tanoes.» * 

The commonest form of wood-driver is the claw- 
sentte and is shown in Fig. ^163. As its name 
implies, it is socketed in the driving spindle, the 
two sharp eSges being forced iftto the work. The 
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axial faces fict as the drivers. A sligh*. variation of 
this js the fork driver, ahfiwn in Fig. 164. Such 
(Jrivers are only Suitable 'for work which can be anp- 
{X)rled hy the loose-hcadstock centre. For other 
kinds of work, the flange screw-driver is Abed." This 



i,s represented in Fig. 163. The croas-blade driver 
(Fig. 166j is also suitable for driving wood. Another 
form of wood-driver is the face-plate, which is provided 
with small projecting pins for pressing into the woorl. 
Such a form is shown in Fig. 167. A special form 
of driver is' indicated in Fig. 16B. It consists of two 



Fio, 165.—Flange-screw driver. Fra. 166.—Cross-blade driver, 
sharp-^ged heads, A and B, A having a tapered shank 
and a driving key, C, wjiilst B is provided with a centre 
hole for the loose-beadstofck centre. 

8. Stkadies and Stavs. 

Work which has^a comparatively low length-di¬ 
ameter ratio, and which is driven between the centres. 
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does not uauallv require any other RU])porl than the 
two centres, unloss it is exoiptiomilly heavy Slender 
work, llowovei-, does need support at intermediate 




jioiiits in order to [irovont undue dellootion from being 
produced by the cutting forces. 

For tiiis purpose, steady rests or slays are used. 



Fio. 169.- Stationary steady. 


'rtiese <nay be divided into two classes: stationary 
rests and travelling rests. One form of the former is 
represented in {"ig. 169. It censiSts of three jaws 
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which slide in uniformly disposed guides m a trame 
which is secured to the bed of the lathe. The upper 

guide is situated in 
the head which is 
hinged ,to the lower 
part, so that the 
work may be re¬ 
moved expedi tiously. 
The jaws are screw- 
adjnstbd. Varia¬ 
tions of this are very 
common. A very 
simple form of fixed 
steady consists of 
two wood blocks correctly shaped and held in a 



I’m 171j—Travelling steady. 

■ frame ,on the bed. llie part of the work on which • 
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such a steady, is used must be of unlforjn section. 
When it is not possible to obtain such a xection, an 
elemenf called a “cat-head 'i (Fig. 170) is mounted, 
on the work and placed in the steady. 

One formof travelling steady is shown in Fig. 171. 
This travels on the slidb-rest immediately behind the 
tool or tcpls, the jaws being always m contact ^ith a 
newly turned surface. Other forma carry only two 
jaws, or one jaw with two bearing surfaces. 

Bearers or supports for very heavy wort, such 
as shafting and ^n-tubes, may be of either of the 



Tf’ios. 172 and 173.—Bearer ateadiee. 


forms shown in Figs. 172 and 173, wood blocks being 
used in the former, and rollers in the latter. 

A form of steady which is used when the end of a 
turned shaft has to be machined (e.g. bored) consists 
of a circular plate mounted on a frame and pivoted 
at its centre. Holes of various dtemeters are formed 
in tRd^lateat S constant radius from the axis, it being 
^sible to dispose any one of the holes so that its 
axis edinoides with the lathe axis. The plate is, of 
course, lock^ ig such a position. Parallel or tapered 
. holes may be uaed in such a plhte. 



CHAPTER X. 


I.AT11E CUTTIKG TOOLS. 

J. Tool SiEJiLS. 

All lathe cutting tools, irrespectiTC of the operations 
which they have to perform, (lepcnd, in common 
with practically all other kinds of cutting tools 
which have a shearing or abrasive action, for their 
cutting capabilities upon their hardness. It may be 
taken as a general rule that, under ordinary condi¬ 
tions of service, a cutting tool (or at least that part 
of it which is active in the cutting operation) must 
be harder than the material upon which it has to 
0 ])erate; and to this rule the lathe cutting tool 
provides no exception. 

Now, tor many centuries cutting tools of the many 
various kinds have been made of steel, which is es¬ 
sentially an iron-carbon compound, this substance 
possessing a property whicli does hot appear to 
belong to many other than iron compounds, namely, 
the property of acquiring hardness under ruitable 
conditions of therital treatment, this hardness being 
usually greater than that of the majority of sub¬ 
stances as they occur in nature. Hence, this 
metallic compound is eminently suitable fori use in 
lathe cutting tools. 

At the present time lathe cutting tools (as well as 

(194) 
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the euttins tosls used in other machine iools) are 
made in four different kinds of steel, ihese heinji es¬ 
sentially* different. They ai* (1) plain oarhon tool 
steel; (2) solf-hardoning or air-hanleuing tool steel; 
(3) orditiary’high-speed tool steel; and (41 superior 
high-speed tool steel. * 

1. Plain Carbon Tool Steel.—This is th% only 
steel that, practically speaking, lathe cutting tools 
were made of up to the year 1870. steel which 
contains the following elements within the given per¬ 
centage proportions:— 


Oirbon. 


--- -- 
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to 
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Silicon. 
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The carbon, manganese, and silicon are desirable 
elements and add to the qu.ality of the steel if kept 
within the above limits, hut the phosphorus and 
sulphur aie undesirable and are, therefore, kept as 
low as is practically possible. Phosphorus produces 
what is known as “cold-shortness” in the steel 
(that is, excessive hriltloness when cold), whilst 
sulphur causes “ hot-shortness ” (that is, brittleness 
when het), making the steel more or less unwieldable 
and unforgahle. If the “ carboi* content,” as the 
carbon* percentage is often named, is greater than 
1'50 the steel is *too hard and brittle for use in 
turning* tools, whilst if it falls mu(^ below r20 it 
cannot bo made^ hard enough for service under the 
conditions obtaining in lathes. 
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This sl^el is hardened by raising jts temperature 
to about 800° C. and then' quenching in some cooling 
I medium such as waten more or less suddenFy. The 
heating may be effected in a coke fire (blacksmith’s 
hearth), gas furnace, salt or lead hath, though in. 
each case care should be taken to prevent the tool 
from,being overheated as this is always likely to ruin 
it. The steel in this hardened condition is too 
brittle and qot tough enough for satisfactory service; 
hence it is necessary to reduce the degree of 
hardness slightly hy “tempering" the tool. In the 
tempering process the temperatoe of the steel is 
first raised to about 230° C. and then reduced to the 
normal temperature of the atmosphere by again 
quenching in water. In some cases a trace of sul¬ 
phuric acid is put in the quenching water; in others, 
salt or brine; in others, lime; whilst in some cases 
a layer of tallow is placed on the water and through 
this the toot has to pass, the effect of this being a 
slight retardation of the quenching process. In any 
case, the temperature of the, quenching water should 
not be less than 20° C. When steel of this kind is 
quenched in oil (cotton-seed, rape-seed, or whale oil) 
the hardness produced is less than when water is 
used, but the toughness is much greater. 

l|'here appears to be a difference of opinion 
amongst scientific metallurgists as to the prtoise ex¬ 
planation of the*hardening phenomena of steel, 
though the weight of authority is undoubtedly oast, 
on the side of what has come to be known as the 
“carbonist ” sofapol, whose main principle is that tiie 
change in the hardness of the steel )s brought about, 
by a change m the properties of the oontuned 
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carbon. In lie unhardened state steel wmtains a 
mechanical mixture of irdn and normal earbida of 
iron, this lieing known as pearlite, afld the constitu¬ 
ent carbon as softening carbon. When the tempera¬ 
ture of ^he Steel is raised this pearlite is gradually 
converted into a chemuial compound to which the 
name “ hardenite ” has been given, the contained 
carbon being known as hardening carbon. Now the 
temperature at which this tran8fo:1ii|ij|ion is quite 
complete is in the neighbourhood of 800° C., and if 
the steel can to quenched suflSciently rapidly from 
this temperature the hardenite can be held in the 
steel. On the’ other baud, if the cooling is very slow 
the hardenite eventually becomes the original peail- 
ite. Again, if the steel containing the hardenite is 
reheated, the return to the pearlite is started until 
when a temperature of about 800° 0. is reached the 
rev* sion has been made complete. 

In the case of a lathe turning tool, therefore, it is 
obvious that the cutting power is practically nil 
when tfiis temperaturq {which is sometimes re¬ 
ferred to as the temperature of stability of the car¬ 
bon) has been reached, though it is not only due 
to the rise in temperature that such a tool fails in its 
work. 

9. Self-hardening or Air-hardening Tool St^l. 
—Thisein its original form, as made by Mushet 
in 1870, consisted of a plain carUon steel to which 
was 'added a fairly large percentage of tungsten 
ag4 ft small peroefltage of manganese. The follow¬ 
ing table gives the ranges of the.’peroentage pro¬ 
portions of Ihe elements contained in this class of 
ttwleteel;— 
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The chromium was introduced first as an addition 
to the mangaiurso, but later it displaced a portion of 
the latter. 

The intio<lnction of tungsten was found to fortify 
the hardenitc so that the tem}Kn'aturc at which the 
latter reverted to pearlite was about 400 ' (!. The 
addition of chromium increased the fortifying eftect 
of the tungsten. 

Tool steels of this type aie hai-dened without 
quenching or rapid cooling, it being found that if 
heated to a tempeiature of JOOO’ C. and theii 
allowed to coot in a draught of air they are suffi¬ 
ciently hardened. Hence their name. 

They were and are still,used at practically the 
same speeds and feeds and depths of cut as plain 
carbon-steel tools, but on the harder materials. 

3. Ordinary High-speed Tool Steel.— This is a 
variation of the self-hardening steel,' the variation 
having reference to the heat treatment in the harden¬ 
ing operation more than to the chemical comjiosition, 
though this is slightly different as the first table on 
opposite page indicates. 

In some cases the element molybdenum' is used^in 
addition to tungsten, but steels of this type’are not 
generally superior to the non-molyl^enum steels. 

This kind of'tool'steel i| hardened by raising its 




LATHE C»TTIN(? TOOLS 


199 


! 

M'arbfm. 

t 

'riingsten. 

1 Miiiitni*' 
' iiese. 

(’Ivomiuui. 

Silicoii.' 


! 

. Sujiiliur. 

• • 



• — 

, 1 


, 0-50 

lO'O 

0*10 

2*5 

0-2(t 

0*015 

1 0*020 

to •' 

to 

to 

to 

1 to 

to 

I to 

: I'OO 

20-0 

j 0-20 ; 

5-0 

' 0-(K) 

0*050 

0*040 


teTtiperalure to K)00^ C. in a coke liie or ansilectric 
(Imrinni-chlorirle) furnace, and then rapidly civ liuf; 
in a strong' air blast or heavy o^l»» Usually, no 
temijering is recjipred. 

A quality known as “ red hardness ” is possessed 
by this steel, and by virtue of this property the steel 
is dtrle to be used in a cutting tool even when it is 
rod hot. In this case the temiieraturo of stability of 
the carbon is probably about 000“ 0. This enables 
the steel to work at much higher speeds and with 
much heavier cuts than are possible in the case of 
dliher of the steels ah-eady described. 

The metallurgical explanation is, briefly, that the 
tungsten and chromium fortify the carbon by sur¬ 
rounding it, ami so retard the rate of its reversion. 

4. Superior High-speed Tool Steel.— This is a 
scientific and exiiorimontal development of the alxive. 
Its distinguishing feature is the presence of vanadium. 
Its chemical composition varies greatly, as the follow¬ 
ing table shows:— 
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The harfening treatment for this is slightly different 
from .any of the above. The nose is raised to a uni¬ 
form temperaturo of 1300“ C.; the cutting ed^e only 
is then immersed in water at about 25° C. and left 
until it is black; after which the whole' tool is im¬ 
mersed in heavy oil, and allowed to remain therein 
until it is quite cool. 

The temperature of stability of this steel is prob¬ 
ably as high as ^00“ ('., since tools made of it will 
out when they are a bright red colour. 

Cobalt steel is the latest metallurgical invention. 
It is a tool-steel of the high-speed variety with which 
is incorporated a percentage of cobalt ranging from 
5 to 15. The results of tests made by Prof. 
Schlesinger, of Charlottenbnrg, appear to show an 
amajiing superiority of this steel over the oi'dinary 
high-speed steels, hut experiments made by the 
author do not indicate the existence of any such huge 
superiority. 

2. Toon Fobms. 

(a) Wood-turning Tools.—Those are usually 
hand tools, though there are wood-turning lathes 
with mechanical movements. The three commonest 
forms of these tools are represented in Kg. 174. A 
is a curved-edge tool, or gouge; B and C are two 
differeht forms of straight-edge turning chisel. , 

{fi) Hand Metal-Burning Toole. —The principal 
forms of these are shown in Fig. 175. .4 and B are 
brass-turning tools, the manipulation of which does 
not demand the same power as that of iron and Steel- '* 
turning tools. A Is a square-nosed tooland B a 
round-nosed tool. * The others are iron and steel- 
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working tools. C is a square-nosed tool in the ma¬ 
nipulation of which thft heel of the toil plays an 


important part. D is a 
graver or diamond-pointed 
tool. ‘This is an exceed¬ 
ingly useful tool, and* has 
two culi^ing edges. E is a 
parting tool; and F a side 
tool. 

An external hand 
screw-thread chaser is re¬ 
presented in I’ig. 176; 
and an internal chaser in 
Fig. 177. 



ABC 


Pio. 174.—Wood-tuniini! 
tools. 


The shanks of all hand tools are inserted into 
wooden or compressed-paper handles to render their 
use easier. 



Fm. 175.—Hand mellil-tammg tools. 


, For internal work a booked rest has to be used to 
Bupptirt the tool, this rest being placed on the ordin¬ 
ary tool rest, ^ith the handle usually under the arm 
of the operator. ‘ * 
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(y) Mechanically-controlled Tools.— These are 
of multifarious forms, which jliHer in shiijje as widely 
as they do iu regard to the work which they perform. 
In neai'ly every case, however, the nose of a tool is 



FiuB. 17(>ari(] 177.---Ht*rew-thi-cjv<l ehaflor.'^. 


shaped BO that'rile upper face—called the lip—falls 
hack fi-om the cutting edge, whilst-the cud—known 
as the flank—falls inward. Such conditions are 
represented in Fig. 17H, which represents a jilaiu 




Q| 

H 


Flu. 178.—Diagram showing angles of tool. 

« 

tool—though the same conditions hold,in regand to 
all other tools. The upper view is.a side sectional 
elevation; the lower view a front end elevation. • The' 
following definition? of the various angles ifre usually 
adopted; AOB, the front rake; COD* the front or 
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heol clearajice; BOO, the front tool angle; BODf 
the front cutting angle*; EOF, the side :ake;, GOII, 
the ^ide clearance; PC^G, tha side tool angle; 
and FOH the side cutting angle. These are tte 
angles which are actually ground on the nose 5f 
the tool; the angles which obtain in any ease 
during cutting depend, not only on the original 
angles ground on the nose, but also upon the dis¬ 
position of the tool with respecA to the work, the 
form of the work, and the fee!r*of the tool per 
Involution of the work. 

For the majority of tools, the principal of the aliove 
angles have the following values:— 
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Tools for heavy cutting—that is, roughing cuts— 
are now made univemally of high-speed or self- 



Fies. j79 and 180.—Tools for heavy cutting. 

hth'dening steel—chiefly the former. Figs. 179 to 
182 represent four of the many different forms of* 
such tools.* The tool shown in»Fig. 180 has a longer 
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'cutting edge than any of the others foi; any given 
depth of cut, and will last longer, ceteris paribns, 
but it requires more power tp drive the work agaitfst its 
re'sistance. On large tools an original clearance angle 
ot 15° is formed,' and this at the cutting edge is reduced 



Kills. ISl and 182.—Tools lor hiavjr cnttinR. 


to 6°-8° in the subsequent grindings. This reduces 
the amount of stuff which has to be removed at 
each grinding, though this amount is increased at 
every subsequent grinding. Sometimes a 10-degree, 
clearance is ground on the tool', and the cutting edge 



** 10 .188.—Konod-nosed tool. Pin. 184.—Diamond-pointed tool. 


raised above the horizon?al plane containing t&e 
lathe axis. 

An ordinary round-nosed crank tool is shown in 
iFig. 183. This is a very old tool, and was oommoUly 
m^e in plain ^carboh steel for routing and seOi- 
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ronghing sliding and surfacing cuts. The dotted lines’ 
represent a right-hand «ide tool. , 

A diamond-pointed too] is indicated !n Fig. 184. 
This can only he used for light cuts. It is better than 
a tool with a long cutting-edge on brass and other 



Fio. 185.—Knife tool, Fio. 186.—Parting tools, 

metals of a similar texture, especially if the point is 
slightly rounded. 

A right-hand knife tool is shown in Fig. 185. This 
is used for end and side facing. The cutting-edge is 
quite straight, and should be horizontal. 


Fig. 186 represents a parting or cutting-off tool. 



Fm. 187.—Finishing tool. Fra. 188.—Boring tool 


On this tool longitudinal clearance is ncceseary in 
addition to the ordinary flank^ciearances. * 

Pne forip of finishing tool—for which plain carbon 
iteel is still.much used—is shown in Fig. 187. 
The cutting edge may be quite.straight with slightly 
funded ends, or slightly cufved (as indicated by 
ihe.dotted ffines). A Taiiaition*of this is the spring 
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‘tool, which cranked upwards, a wood Mock being 
inserted between the cheeks ci the crank. 

^An internal or boring tool is represented in 
Fig. 188. The nose is turned at an angle of 90° 
to the shank of the tool. A round cutting ed^e is 
shown, though practically any shape may be given 
to it. 

Screw-cutting tools have to be specially shaped. 
Those for vee-tW-ds (Whitworth or U.S.S.) are 
voe-shaped, and those for other threads must have a 
plan section which coiTesponds to the thread profile. 
In every ease the side clearance on the leading side 
must be greater than the pitch angle at the bottom of 



Fig. 189,—Screw-cuttin'( tool. Fits. 190.—Tool holder. 

the thread, whilst on the following side it is usual to 
incline the flank in the same direction just sufficiently 
to clear the thread. When the pitch of the thread is 
coarse, and the pitch-angle comparatively great, it is 
difficult to grind a satisfactory nose on a tool of square 
or rectangular section, owing to its great inclination, 
Jihe round-section tool (Fig. 189) is then used. This 
tool can be twisted abo’\tits axis quite easily, and any 
required inclination of the Hose given to it.« It is held 
in a clamp vice or special holder. Other forms of 
screw-cutting tools are the chaser, the circular fonfied 
tool, and the d.ie, which are used on turret and screw 
machines. 
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3. Tool Holbkrs. 

C 

To reduce the cost of tool-steel, and to reduce the 
risk of fracture in hardeniep;, it id customary to u^p 
tool-holders, which carry high-speed steel inserts,, 
Three forms of tool-holders are shown in Figs. 
190-2. The first fs designed so that the front 
rake is" fixed; and the second so that the Jront or 
heel clearance is fixed. The third is essentially a 
holder for a screw-cutting tool, ilt!{g;ng so designed 
that the pressuj’e of the clamp or screw on the 
holder is exerted through the tool, this action 
tending to prevent slippage of the tool in the holder. 



Flos, IIH and Itri.— Tool boldera. 


Practically all turret tools are held in holder's, 
though such are usually of the circular shanked type. 
Centring tools, cutting-down tools, and hollow mills 
are so secured. 

Forming tools, whether' of the circular or shanked 
type, are usually \ery accurately and carefully 
made. Wherfi exact reproduction of shape is essen- 
tial^it is necessary to work such tools with rib rake. 
This, naturally, impairs their (fitting capabilities, but 
thi^is a deject which, in this particular case, is of 
very little roorppnt. Rake is often used on circular 
forming tools, but these are not psed for purposes of 
exact reproduction, though the stapes that they form 
are fairly defrnite. 


CHAPTBB XI. 

LATHE WORK. 

1. Centrin^'^ars.—The position of the centre of 
a bar may be located in several toys. A centre- 
square of one of several forms may be used; a 


surface gauge or scrib¬ 
ing block may be used, 
with the work resting 
in a vee-block; com¬ 



pass or hermaphrodite 
calipers, or odd-leg^ 
may be used; or a bell- 
centre-punch (Kg. 193) 
may be used to locate 
the position of the cen¬ 
tre, and to fix it by 
punching. 

'When the work is 
rough or of medium 
weight, it is a very gom* 
mon practice to punch 
the centre holes. It is^ 
however, an antiquated 
method, ito retedtion 


only being justified *on the grounds of supi^osed low 
cost. The effect on the lathe oentrU cannot be 
(208) ■ 
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anything but^harmful, whilst accunvcy ijrast be at 
unknown quantity where sueh a practice prevails 
The only reasonable metho(l,is to (hill and counter 
sink the centre holes. Where the wo) k is small anc 
light, the improved form of combined centring anc 
countersinking drill (Kg. 194) may bo used, or one 
of the several varia¬ 
tions of this which 
exist. Where the work 
is large, the drilling 
and countersinking have to be performed separately. 
The centring may !» done by hand, in a drilling 
machine, or in a specially designed centring machine, 
which may or may not have a hell-chuck for locating 
the position of the centre at the same time as the 
centre hole is Iceing drilled and countersunk. 

Tn regard to the position of the centre of work of 
an irregular section, sueh as rough forgings, it may 
be pointed out that the usual practice is to relate 
this to the highest points in the surface of the work, 
thoOglf, if the forging has been close, it is better, if 
it is possible, to relate it to the lowest points. If the 
latter method is adopted, the chances of Mng able 
to machine the forging up to size are usually much 
greater than in the otfier case. 

2. Forcing Work on Mandrels.— Mandrels 
should never be struck directly by the hard steel 
face of a hammer head, as this 4ends to deface the 
ends •and damage the centre holes. Where a 
hammer has to dre used, it should have a leather 
?aoe, 8r a piece of wood, leather, gi fibre should be 
used between the mandrel and the hammer head. 
.Also, g. property designed mahdre! block should be 

% t A 


Fia. 194.^^^Tieatriiig drill. 
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used, 80 that the work is not damaged when the 
mandrel is being removed. It is far better, bow- 
jver, to drive mandrels in and ont -of woik in a 
mandrel press, in which the forcing pressure is 
applied gradually and continuously, and- not 'in the 
form of a blow. There are several forms of mandrel 
press, the chief being the hand-actuated ges^red and 
ungeared types, and the mechanically-actuated type, 
embodying the^rinciple of the screw or rack. 

3. Screw-cutting.—In the engine lathe, the ne¬ 
cessary regular longitudinal movement is given to 
the tool from the lead-screw, there being a poxitm 
gearing connexion between the driving spindle and 
the • lead-screw. When there is no intermediate 
change-gear box, the sizes of the change-wheels 
required for the formation of a screw thread can be 
calculated as follows: let F = the pitch of the lead- 
screw, and p = the pitch of the screw to he out. ■ 
Then— 

p _ Product of Drivers 

P Product of Followers’ 

The drivers are the wheel on the stud and the 
second on the quadrant plate; the followers are the 
first wheel on the quadrant plate and the one on the 
screw. A list of wheels suitable for dfifierent pitches 
is given in Table II of the Appendix. 

Metric threads can he cut fairly accurately from; 
an English lead-screw, by employing a oonygrtipg, 
wheel of 127 teeth. The oalculalion is as foUflWS^ 
let F the pittdi of the lead-screw, in inches,;' 
m B the pitch of < the metric thread, in wlltmetr^l 
Then— 
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«i 5 _ Product of Drivers 

P 127 Product of Followdra' 

• • 

Table III of the Appendix gjves a Kst of wheel com^ 
binations suitable for the ordinary metric pitches. 

• Screw threads are formed on other typos of lathe 
either by means of dids or chasers. The former are 
usuallyadesigned so that they have within th^selves 
the guiding power; whilst the movements of the latter 
are controlled by either master scf-'^ or copies or 
cams. 

i. Taper-turning. —Short tapers are formed by 
means of straight-edged tools. These tools may be 
of the circular or straight-shanked variety, and may 
be secured in the tool-post or in a circular tool-hhlder 
or box as used on turret lathes. The angle between 
the axis of the lathe and the cutting edges is made 
equal to one-half of the total or included angle of the 
taper. The top slide of the compound slide-rest can 
also he used for short tapers. It is swivelled throng 
an an^le equal to one-half of the total angle of the 
taper, as above.. . 

On American lathes, tapers up to 24 inches in 
length and an included angle of 10° can be turned by 
means of the slide-{est taper-turning attachment, 
which is one of their characteristics. These attacb- 


X . meats are graduated to read in “ degrees of taper^” and 
‘ also fci “ inches per foot ”. The latter graduations are 
frequently inaccurate, since they are. made on the are 
r^.a'Sirole, an'd not on a tangent thereto. For small 
Ijapsi^ howaver,'the error is inconsiderable. 

The setjOver loose-headstock lyethod is available 
^Ehrlonig slendq^ tapers, as well as for short l^lunt ones. 
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thouf'h its chief province is in connexion witli tlio 
forinpr. The amount of ,set-over, i.e., lateral ad¬ 
justment, which ,'s usually made, is hared on the two 
Sad diamcteis, and made equal to one-half of the 
ditrereuce between these. Tliis is not quite correct, 
the exact theoretical amount keing equal to the pro¬ 
duct of this and the cosine of one-half of tjie taper 
angle. Since, however, theoretical conditions never 
obtain, and the work does not ride evenly on the 



centres, except when they arc of the spherical type, 
the practical rule is sufficient iA all ordinary eases. 

Long tapers can also be turned by means of the 
swivdfled top slide, this being used in stages on, short 
lengths of the work.^ This method requires a large 
amount of care and preliminary marking-out. • 

On certain lathes it is possible to turn and bore 
tapers by combining the sliding and surfacing mhtionkr 
of the slide-rest. Usually, in such oases" the long¬ 
itudinal movemeni is 'derived from fee lead-|preWi’ 






5. Face-plate Driving.—To secure work to face¬ 
plates, clamping plates and bolts or hook-bolts are 
used. The plates should press on the work over a 
fairl\<»largo are i, and not on an edge, as is shown in 
Fig. 195 at A and B. To obtaia this condition the 
• packlTig bloctei should be of ilic same thickness as the 
jvork. Also, the’holding-down bolts should be placed 
*aa near to the work as possible (thays, position A rather 
than jxisition B should he solecteiB, so that the full 
I benefit of the stresses induced^n tne bolts is secured. 
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The useiDf an angle-plate on a face-plate is indi-, 



oated in Fig. 198. ,,8uqh an arrangement is known U 
a.“monitor ohuok,” though ,’t is a form 


Fig. 197.—Turret-lathe operation. 
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fixture for repetition work. The case illustrated 



I i# tl^t 0 ^ lo^ymotive oonneoting-rod brasses, which 
^ad and faced on both sAes without removal 


Fio. 198.— Automatic-lathe op nation. 
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from th« plate. The brasacs are carried iti a vice, 
which is attached to the plate, by a lar^'c central stud and 
located in positiori by a phi A, which t^n heijilaced 
iii any one of tour pairs*of holes in the plate and 
vice. These holes are spaced ocpiidistantly on a circle 
so that four positions of the vi(je are possible. 

0. Turret-lathe Work.—Fig. 197 illustrates the 
inethodt adopted in connexion with the ojieration of 



Pin. I'.W. —IloritiK and tiiniine-uiill opemtions. 
turret lathes. The figure represents chucking 
practice on a,' Haitness Hat-turret lathe, and shows 
the us<i of the automatic thread-chasing attach¬ 
ment. 

7. Automatic-latheVfark.— Automatif-lathojvac- 
tice is indicated in Fig. 198. This st^ows how work, 
which has been roughed ont in a turret lathe, is* 
finished in a Fay automatic lathe. In this ease, two 
pieces are mounted pu one arbor with a spacer be. 
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tween, ton tools are Iti use Hiinnltanoously, ami two 
such machines can bo nyi hy one opeiat^v. , 

S'. Boring, and Turning-mill .Work. -The nsi 
of the horiiif; and turning; inill on the smaller class# 
of work for which it is snitahle is demonstrated in 
Figs. 199 and 900. J n all th<i cases shown a turret 
tool-slide is employeil. In Fig. 199 is shown the 
machining of a beaj-ing (left hand) and vaTve liner 



Fic. '2(KK—Itoring and turning-mill operations. 

(right hand). The hairing is turned on the lop and 
edge of the flange and bored; it is then rerersed in 
the jhiick and tlie other end likewise treated? The 
liner is bored and turned at tjie top end, and then 
reve*icd in Uie chuck for tlfb macliiiiing of the other 
end. The two pieces of work shown in Fig. 200 
We it separator base {leifhandl i«id a bearing liner 
(right haifd). 

connexion with the turiAng and boring of 
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tapers it is sometimes found impossible to swivel the 
tool sl'de through the required angle. In such cases 
it is customary tc combine the horizontal feed With 
the inclined feed, so as to obtain the required inclin¬ 
ation. This combination necessitates the determin¬ 
ation of the inclination of ths, tool-slide. Tnis is 
accomplished by means of the following formulae: 

sin 8 = j,* X cos and S = (^ - '•>), 

where and /<’ are the selected^ horizontal and 
inclined feeds; <^, the required taper angle formed with 
respect to the axis; and 0, the required inclination 
of the tool-side. 



CHAPTER XII. 

OUI'TINO Sl’KEDS AND l''KKI)K. 

By “cuttinij speed” is meant the circumlorenl,ml or 
surface speed of the work. Tt is usually measured 
n either feet per minute or metres per minute. The 
jommon practice is to refer this speed to the external 
jircumference oi' surface of the work, and not that at 
.ho bottom of the out. When the diameter of the 
work is large in comparison with the depth of cut, the 
lillerence between the two speeds is of no moment; 
put when it is not largo, there is a considerable 
imparity between the two, which ought to be taken 
■nto account since the bottom-surface speeds has its 
slleo^ on the extreme part of the cutting edge 

By “ feed " is meant the distance the tool travels 
in the direction of cutting per revolution of the work; 
though sometimes i^ is used in another sense, namely, 
the number of revolutions of the work per inch or 
sentimetre oWool-travel. The second is, of course, 
tharecpirocal of the first. 

By “ depth of out ” is nieaat the distance that the 
toof is enWred into the work; it is equal to one-half 
of the reductidh in the diameter of the work. When 
the operation is a surfacing one^'the feed is measured 
ip a direction normal to the axis, and the depth 
paiallel to the axis of the work.* 

* • AN 
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Cutting operations may be divided intojiwo classes: 
those m connexion with which a large amount of 
stock has to he removed; and those in which only 
a‘small amount has to he removed. The former are 
roughing-out operations. The latter include', in 
general, plain liuishing, screw-cutting, reaming, drill¬ 
ing, and similar operations. u 

In the pre-high-speed tool days all cutting tools 
were m vie indiscriminately of plain carbon steel, with 
the exception of those which were used on the veu-y 
hard and hardened metals, for which the Mushet self¬ 
hardening steel was used. The question of cutting 
speed was not then regarded as of any great import¬ 
ance, and ve.ry little attention was jjaid to the (|uostions 
of feed, life of the tool, and their influence on the 
entting speed. Usually, the detei-minatiou of the 
S])e(!d was left to the eye of the ojxirator. The speeds 
which W'cre employed ai’e given as follows: — 


On oast steel . 
On cast iron . 
On mild steel 1 
and wrought iron j 
On brass and ) 
gun-metal / 


12 to 20 ft. per min. 
15 to 25 ,, 

18 to 30 
25 to 50 „ 


The lower speeds wore used for rough'ng cuts with 
the coarser feeds (in. to in,) and greater depths 
(I in. to i; in.). For exceptionally heavy outs, such 
as 1 inch by I inch, still lower speeds were used. The 
Mushet tools were run at practically the same 
sj)eeds, but had a much longer life. 

At the present time plain carbon-steer is still 
used for finishing afid light cuts generally, though 
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whether this will always he so is an open question i 
in view of the {ireat stiides that the hietalluigical 
art issinakii^;. Reaming.and screw-eMdng speeds 
are usually not greater thafi the ahove. ■> 

The use of high-sptied steel is essentially an 
economic proposition, and many investigators have 
made researches into the question of its capabilities 
and possihilities. Bince its cost is roughly dve times 
as great as that of the plain carbon steel it is neces¬ 
sary to work it so that its outpuu Ts at lean five 
times as great as that of the latter. Kxperiments 
made by the author have shown conclusively that 
the econondc value of super-high-speed steel is 10 
compared with plain carbon steel if all the ^condi¬ 
tions but the cutting speed are. maintained constant. 
As, however, the output of a lathe roughing tool rises 
with an increase in the area of the cut and a corre¬ 
sponding reduction in the cutting speed, it follows at 
once that the maximum economic value ot a super- 
high-speed tool may he greater than 10, though it 
will not be much greater than 12 or 14. 

The cutting speeds and feeds used with high¬ 
speed tools show the extraordinary range of 20 to 
800 feet per minute. It must be admitted that the 
upper end of the range is very rarely made use of, 
the usual spqgds adopted lying l)etween 20 and 80 
feet per minute. 

The allowable speed in aiy case depends upon 
sevaral factors, the most important ot which are (1) 
the adopted life of the tool ’, (2) the feed; (d) the 
depth of cut; (4) the material tq be machined; and 
(6) the stee and shape of the to«. The influence of 
thejrst is, s«ch that generally the speed is inversely 
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proportional to about the twelfth root of the life of 
the tool. The effect of (2) is an inverse two-thirds 
power effect; that of (3) an inverse oiip-third power 
effect. The relation Initvlroen the ciittinf,' speed and, 
‘.say, the tensile strength of the inateiial is a sti-iight- 
linc one for Siemens-Martin bars and forgings. The 
allowable cutting speed is raised with an increase in 
the section of the tool, or with a change in the dis¬ 
position of the cutting edge so as to increase its 
effective length':"^' 

Another point to observe is that the use of a 
cooling medium—wrongly called a lubricant—re¬ 
sults in an increase in the jiermissible s))eed of a 
high-speed tool. This increase ranges from 25 to 
iO per cent. For carbon tools an oil lubricant is 
often used, though here the cutting action is differ¬ 
ent from that of a high-spe«d tool, and a lubricating 
medium has a well-defined province in connexion 
with such. 
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Tool angles, 202, 20.1 
Tool-holdeis, 207. | 
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Tool slide, 108. 
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~ tools, 2o 
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